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ABSTRACT 
Bastar craton, a prominent Archaean nucleus in the Central Indian Shield lies 
in between 17.5°N and 23.5'^ latitude and 77.8°E and 84.1°E longitude. Gneisses and 
granitoids of batholithic dimensions, older and younger supracrustal rocks and mafic 
dykes predominate the geology of the Bastar craton. 
The gneisses ("Unclassified Gneisses" of Crookshank, 1963) are well exposed 
and ubiquitous throughout the craton. These are the oldest and deformed suite of 
rocks of the craton. The whole rock Pb-Pb isochron age for the gneisses occurring as 
outcrop is 3081 ±61 Ma while U-Pb zircon age of-3509 Ma has been determined for 
the gneissic enclaves occurring within -2408 Ma granites in southern Bastar. 
The granitoids of the craton are undeformed and occur as intrusives into the 
gneisses and contain the enclaves of the gneisses as well as metamorphosed 
supracrustals. The available whole rock Pb - Pb and Rb - Sr isochron age data 
indicate that the granitoids were emplaced in four successive phases, which are dated 
at 2.6 Ga, 2.3 Ga, 1.8 Ga and 1.5 Ga. 
The mafic dykes are the youngest magmatic rock suites of the craton and cut 
across all the older suites of rocks along predominantly northwest - southeast 
direction. The dykes are approximately 20-200 m wide and are 1-20 km long and 
exhibit a sharp contact with the country rocks. 
The gneisses of Bastar craton are composed primarily of quartz, plagioclase, 
K-feldspars, biotite and hornblende; while apatite, zircon, sphene and iron oxides 
occur as accessory minerals. Sericites and chlorites are the secondary minerals 
occurring as alteration products of plagioclase. biotite and hornblende. Plagioclase 
compositionally ranges from Anao to Anao and represents about 45% of the average 
modal composition. K-feldspars are mostly microcline with subordinate amounts of 
orthoclase and perthite. These are relatively fresh and make up about 15% of the 
average modal composition. On the QAP (modal) plot, the gneisses plot within the 
granodiorite and monzogranite fields and correspond to the calc-alkaline trondhjemite 
(low-K) trend of Layemere and Bowden (1982). 
The primary minerals of the Bastar granitoids include quartz, plagioclase, K-
feldspars and biotite as major phases while augite, apatite, sphene, zircon and opaques 
constitute the minor phases. The secondary alteration products are represented by 
sericites and chlorites. Plagioclase compositionally ranges firom Anio to An2o and 
represents about 35% of the average total mode of the granitoids. K-feldspars are 
mainly microcline, orthoclase and perthites. These make up about 18% of average 
modal composition of the rocks. Both biotite and hornblende show chloritization at 
places. On the QAP (modal) classification diagram, the granitoids are concentrated in 
the monzogranite and granodiorite fields and correspond to the calc-alkaline 
trondhjemitic (medium - K) trend of Layemere and Bowden (1982). 
The mafic dykes of Bastar craton (dolerite and amphibolite) are sub-alkaline 
quartz-rich tholeiitic in nature. The essential minerals of dolerite dykes are plagioclase 
and clinopyroxene with little hypersthene; while orthopyroxene, quartz, hornblende, 
biotite, K-feldspar, sphene, apatite, ilmanite and magnetite are occurring as common 
accessories. The texture of the dykes is essentially magmatic although variable 
degrees of deuteric and hydrothermal alterations of the primary mineral assemblages 
are also evident. Sericite and chlorite are the altered mineral assemblages variably 
occurring in the rocks. The dykes have ophitic to subophitic textures between 
plagioclase and augite indicating eutectic crystallisation between the two mineral 
phases. The amphibolite dykes are composed essentially of hornblende and 
plagioclase with little clinopyroxene. The common accessory minerals are quartz, 
biotite, apatite, sphene, ilmanite and magnetite. Plagioclase, biotite and hornblende 
are showing variable degrees of hydrothermal alteration to sericites and chlorites. 
The gneisses of Bastar craton are highly siliceous (averaging 71.5 wt.%) with 
AI2O3 content averaging 14 wt.%. The alkali contents of the gneisses are moderately 
low (average = 7.7 wt.%). The lime contents show variation around 1.5 wt.%. The 
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A/CNK values of the gneisses range from 1 - 1.2. The gneisses are characterized by a 
low Mg# averaging 29. 
The Bastar granitoids are characterized by Si02 values (65< Si02< 75.6 wt.%); 
AI2O3 values averaging 14 wt.%; lime contents averaging 2 wt.%; total alkalies 
averaging 8 wt.%; A/CNK values averaging 1.2 and Mg# averaging 32. 
In the K-Na-Ca diagram the gneisses and granitoids plot along the calc-
alkaline differentiation trend. The calc-alkaline nature of the gneisses and granitoids is 
also evident from the AFM diagram where most of the gneisses and granitoids plot in 
the calc-alkaline field. 
Almost all the major and trace elements of the gneisses and granitoids of 
Bastar craton exhibit negative variation trends against SiOi except K2O, Rb, Th and 
U. Fractional crystallization of K-feldspar, plagioclase, biotite, apatite, ilmanite, 
zircon and other Fe - Ti oxides of the respective parental melt can account for the 
observed trends. The high field strength elements (especially Nb, Zr, Y) do show 
some sort of sub-groupings that could be related to heterogeneity within the sources. 
Fractionation crystallization of K-feldspar and plagioclase from the respective melts 
of gneisses and granitoids is also attributed in the element ratio vs. element 
concentration diagram (Rb/Sr vs. Sr and Ba) of both the gneisses and granitoids. 
However fractional crystallization mechanism cannot be considered as the only 
mechanism for the evolution of the rock suites of the craton as it has been assessed 
that a 90% fractional crystallization of the tholeiitic magma is required to produce 
silica enriched rocks; no such large bodies of cumulatic mafic phases are observed nor 
reported by the earlier workers in Bastar craton. However fractional crystallization 
and crustal contamination together can produce a greater volume of calc-alkaline and 
granodioritic magmas. 
In the Sr/Y vs. Y diagram four melting curves of different sources like an 
average mid-oceanic-ridge-basalts (MORB) and an Archaean mafic composite 
(AMC) computed from Archaean basaltic and komatitic basalt are superimposed. 
Bastar gneisses and granitoids plotted on the diagram correspond to partial melting of 
average mid-oceanic-ridge-basalts leaving a 10% garnet amphibolite restite. It may be 
proposed that an Archaean oceanic slab while subducting may have undergone higher 
degrees of partial melting to generate the precursor melts for the Bastar gneisses. 
Similar mechanisms can also be proposed for the generation of the granitic melts at a 
later stage during Proterozoic. 
Bastar gneisses and granitoids closely correspond to I-type in terms of the 
concentrations of highly charged cations e.g. Zr, Ce, Nb and Y and are concentrated 
within I-type granite fields on SiOa vs. Zr, Ce, Nb and Y and also within the I-type 
granite fields on Ga vs. AI2O3 diagrams of Chappel and White, (1974). Both the 
gneisses and granitoids of Bastar craton plot in the combined I, S, and M-type granite 
fields of Chappel and White, (1974) and on Ga/Al vs. some selected major element 
ratios [K20/MgO, FeO'/MgO, (Na20+K20)/CaO and Na20+K20]. Ga/Al vs. some 
selected trace elements (Y, Zr, Nb, Zn) diagraims of Bastar gneisses and granitoids 
also exhibit their plots within the combined I, S, M-type granite fields of Whalen et al. 
(1987). One plausible explanation for the apparently contradictory I and S-type 
characters of the Bastar gneisses and granitoids may be that the protoliths of the 
gneisses and granitoids might have formed by partial melting of an igneous protoliths 
and as a consequence they acquired I-type features. At a later stage the magma might 
have assimilated with country rocks thereby masking the I-type characteristics with S-
type. 
The primordial mantle normalized multi-elemental patterns of both the 
gneisses and granitoids show marked enrichment in the large ion lithophile elements 
(LILE) along with enriched abundance in Rb, Th, and U. The patterns simultaneously 
display lesser abundance of high field strength elements (HFSE) with strong negative 
anomalies at Ba, P, Nb and Ti, but exhibit enrichment of Zr and Y. Although the level 
of abundance of both the LILE and HFSE of both the gneisses and granitoids are 
enriched than primordial mantle, the HFSE have much lower abundances than the 
LILE. Such elemental patterns displayed in the spidergram may be explained by 
magmatism in a subduction zone environment. LILEs are highly soluble at high 
pressure and thus go into the melt preferentially but because of lower solubility 
HFSEs are retained in the down going slab up to deeper mantle, thus generated melt 
would be enriched in LILE and depleted in HFSE. However, when the subducting 
oceanic crust is old and cold it does not melt but dehydrates and liberates fluids, 
which trigger melting of the overlying mantle and these fluids, may be responsible for 
the transfer of selected elements (LILEs as opposed to HFSEs) from the slab to the 
mantle wedge. To account for the above features, subduction of an oceanic slab and 
its subsequent melting seems most probable explanation. It is proposed that 
subduction of an oceanic crust and its consequent melting led to the formation of the 
protoliths of the gneisses. The granitoids represent temporally distinct felsic suites 
formed in response to another subduction event involving during Proterozoic 
involving partial melting of mantle wedge. 
The chondrite normalized rare earth elemental (REE) patterns for the gneisses 
and granitoids of Bastar craton are moderately firactionated (Lan/YbN = 8 -51) . The 
patterns also exhibit heavy rare earth elements (HREE) depletion and concave upward 
shape with curvature at the HREE ends. The gneisses are characterized by slightly 
higher Ybw values (average 9) than that of typical Archaean TTG values (<5 ppm), 
heavy rare earth element depletion patterns. The granitoids of Bastar craton exhibit 
flat trends (Law/YbN = 5 - 20) with strong to insignificant negative Eu anomalies. 
These REE patterns are typical of volcanic arc magmatic characteristics and thus 
invoke subduction mechanism(s) for their genesis. 
On the tectonic discrimination diagram viz. Nb vs. Y and Rb vs. (Y+Nb) of 
Pearce et al. (1984) almost all the samples of the gneisses and granitoids of Bastar 
craton fall within volcanic arc granite field; while only a few samples from both the 
rock suites display their affinity toward the Syn-COLG type. On the SiOi vs. Rb and 
Zr tectonic discrimination diagram of Harris et al. (1986) Bastar gneisses and 
granitoids plot in the combine field of VAG (Group - I) and post coUisional calc-
alkaline granites (Group - III) indicating that the granitoids and the protoliths of the 
gneisses were emplaced in a subduction related tectonic setting. The time span 
between the emplacement age of the protoliths of the gneisses (3.5 Ga) and the 
youngest of the granitoid magmatic events (1.5 Ga) is about 2000 Ma; thus a single 
subduction event may not be responsible for the generation of both the rock suites. 
However two distinct phases of subduction - one in the Archaean (for the protoliths of 
the gneisses) and the other in the Proterozoic (for the granitoids) seem probable for 
the genesis of the protoliths of the gneisses and granitoids. Moreover the tectonic 
mode of subduction might have been varied from Archaean to Proterozoic. The 
gneisses having low Mg number, Ni, Cr, Ba, P2O5 and Sr contents reflect that the 
melts from the subducting slab might have risen off un-interacted with the mantle 
wedge. A flat low angle subduction (imder-thrusting) of oceanic crust wherein the 
melts from the subducting slab ascends without encountering the mantle wedge; 
seems the tectonic mode of subduction for the Bastar Archaean gneisses. In contrast, 
the granitoids having relatively high Mg number, high Ni, Cr, Sr, Ba and P2O5 
contents reflect melt-mantle interaction. Thus the petrogenesis of the granitoids 
invokes a modem type subduction during the Proterozoic. 
The mafic dykes have Si02 content ranging from 4 8 - 5 1 wt.%. The total iron 
content of the mafic dykes are fairly high averaging 15 wt.% with amphibolites 
ranging from 13.8 - 15 wt.% and dolerites ranging from 8.5 - 18.2 wt.%. MgO 
contents of the amphibolites averages 7.2 wt.% and that of dolerites dykes average 7.4 
vv1:.%. Mg number [100 x Mg^^Mg^* + Fe^ "^ )] of both the groups of dykes clusters 
between 42 and 55. The Ti02 content of both the groups of the dykes are significantly 
low at <2.5 wt.%. The lime contents of both the amphibolites and dolerite dykes range 
from 1 0 - 1 1 wt.% and from 8.9 - 6.2 wt.% respectively; while the alumina contents 
of the amphibolites and dolerite dykes range from 7.3 - 13.3 wt.% and from 9.0 -
14.7 wt.% respectively. 
Both CaO and AI2O3 for the dolerite dykes show decreasing trends against Mg 
number plot but for the amphibolite dykes, a well-defined positive relationship is 
observed between CaO and Mg number. Ti02 of the dolerite dykes show a decreasing 
trend while that of amphibolite dykes show an increasing trend against Mg number 
plot. The total alkali contents of the dolerites range from 2.1 - 5.8 wt.% which are 
higher than that of the amphibolites which cluster around 2.3 wt.%. Both the groups 
of dykes show the chemical signatures of parental magmas that have experienced 
some degrees of crystal fractionation of ferro-magnesian minerals. The fractionation 
trends are marked by increase of Na20, K2O and PiOs against increasing Zr and 
decrease of CaO and AI2O3 against decreasing Mg number. These are consistent with 
the fractionation of olivine and clinopyroxene with or without chrome spinel. In the 
Zr/Y vs. Zr diagram the Bastar mafic dykes show a good positive correlation 
indicating fractionation of clinopyroxene and amphibole. Negative anomalies at Sr in 
tile multi-element spidergram for the dykes and negative anomalies at Eu in the rare 
earth element plot for the dolerite dykes also indicate plagioclase fractionation. 
The primordial mantle normalized spidergram of the amphibolite dykes are 
characterised by enrichment of both LILE and HFSE than primordial mantle; flat 
HFSE; slight enrichment of the LILE than HFSE and a low LILE/HFSE ratios. This 
distinctive multi-elemental pattern can be explained by higher degrees of partial 
melting from an enriched mantle source. The dolerite dykes are characterized by 
enriched LILE and HFSE, high LILE/ HFSE ratios and moderately fractionated trends 
with negative anomalies at Nb, P and Ti. Such elemental patterns can be explained by 
a low degree of partial melting of an enriched mantle region. 
The chondrite normalized rare earth element (REE) patterns of the dolerite 
dykes exhibit relatively higher level of enrichment of the entire rare earth elemental 
spectrum than do the amphibolite dykes. Thus the multi elemental spidergrams and 
the REE patterns of the Bastar mafic dykes indicate that the melts for both the groups 
of dykes might have been derived from different mantle sources by different degrees 
of partial melting. 
The Bastar mafic dykes exhibit higher abundances of Rb and Ba and 
simultaneously higher values of Rb/Ba. This may be either due to contamination of 
crustal material or it may be due to inherited mantle characteristics. Enrichment of 
mantle sources by crustal material seems most suitable mechanism as less than I/IO"^  
of a given volume of crustal material incorporated into the mantle can make a 
comparable shift in trace element abundances as against the crustal level 
contamination by the given whole volume of the material. Thus it can be inferred that 
the crustal signature of the Bastar mafic dykes may be due to introduction of 
sediments into the mantle. The observed lower values of Ti/Y and Ti/Zr of the 
dolerite dykes and their affinity towards low Ti continental flood basalts (CFB) thus 
indicate sediment incorporation into the mantle. High Ti/Y and high Ti/Zr values of 
the amphibolite dykes and of their proximity towards normal mid-oceanic-ridge-
basalt (N-MORB) and primordial mantle (PM) thus indicate an enriched mantle 
characteristics. 
The FeO', MgO and Si02 abundances against Mg# and the extrapolated level 
of abundances of the elemental oxides up to Mg# 70 (which might reasonably be 
assumed in equilibrium with upper mantle peridotite) are used to constrain the depth 
of occurrence of the source magmas. The amphibolite dykes of Bastar craton 
correspond to melt generation over a 100-130 km depth of melting as compared the 
dolerite dykes are consistent with -50 km of depth of melting. 
This study reveals that the Bastar gneisses were produced by subduction 
related magmatism; the angle of subduction was probably low in the Archaean. A 
suite of granitic rocks intruded these gneisses during Proterozoic, which were also 
formed by subduction. The craton stabilized after the emplacement of the granitic 
rocks. Mafic dykes intruded both the gneisses and granitoids. The melts for both the 
dykes were derived from different mantle sources, which were enriched by sediment 
subduction. The melts for the amphibolite dykes were derived from -100-130 km 
deep mantle source while the melts for the dolerite dykes were derived from -50 hn 
deep mantle source. 
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Following is the point by point reply to the comments of the foreign 
examiner on the thesis of Pankaj Kumar Sharma. 
1. At the time of registration of the candidate for Ph.D. degree, a general 
topic was suggested by the Board of Studies of Physics Department, 
A.M.U., Aligarh. The topic of the thesis can not be changed at this late 
stage. However, it may kindly be noted that the topic includes the 
specific study presented in the thesis. 
2. (Chapter I) -^ References have been cited, wherever necessary and the 
page containing the references has been replaced. Discussion on the 
origin of the selection rule Am = + 1 and why the r. f. field is 
perpendicular to the static field in the EPR has been included. 
3. (Chapter II) -> References have been given at the proper places including 
BCS theory and RVB model of Anderson. A part of this ch^ter is the 
material abstracted from the internet search and this has been put under 
one reference - Internet Search (www.superconductor.org) . For all the 
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figures, original sources or the sources from which the figures have beep 
taken have been cited. The pages containing references have been 
changed to accommodate new references with some alterations in the 
numbering. 
4. (Chapter III) -^ References to the sources of all the figures have been 
given. More references have been added to the list of references, 
5. (Chapter IV) -^ Sources of the figs. 4.1 to 4.7 have been added. The list 
of references have been enlarged. The inclusion of this chapter made the 
introductory material of the thesis lengthy, but it was included because 
the candidate had made strenuous efforts to repeat most of the results 
reported here as a necessary part of preparation for the work on actual 
superconductors but without any credit of publication. So, this has 
become an additional chapter to the requisite three. 
6. (Chapter V) -> Ferromagnetic coupling of electronic spins and nuclei 
spins was not a premeditated assumption but a conclusion derived from 
the interpretation of the EPR spectra. There was no other way, the 
spectra could be analysed. If the magnetic susceptibility measurement 
and its temperature variation would have been carried, it would have 
given confirmatory evidence of the FM coupling. But the reason for not 
doing it was that we did not have access to this instrument. With the 
experience of working on deoxygenated superconductors, we have some 
reservations about the success of this experiment. FM coupled clusters or 
the species giving EPR signals are situated as tiny islands in material 
after deoxygenation and their number is also small. EPR being very 
sensitive may reveal their presence but they may go unnoticed in many 
experiments. Still we feel experiment is more powerful than speculation. 
These ideas have been elaborated. 
7. (Ch^ter VI) -> Here, some new results on EPR and R-T measurements 
on manganites have been reported and at this stage of work it has been 
difficult to give rigorous interpretations. The relevant portions of the 
p^er by Causa et. al., have been incorporated in this chapter. 
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CHAPTER -1 
INTRODUCTION 
INTRODUCTION 
The Indian plate consists of eight major tectono-magmatic terranes viz. (i) 
Northern Bundelkhand Block (ii) Chotanagpur terrane (iii) Fold belts of Central India and 
Aravalli (iv) Marwar terrane (v) Eastern Ghat Mobile beh (vi) Himalayan Fold belt (vii) 
Gneiss-granulite belts of Tamilnadu and (viii) Southern Peninsular Block which have 
been brought into juxtaposition during different periods of earth histories. The Southern 
Peninsular Block consists of Singhbhum, Dharwar and Bastar nuclei (Radhakrishna, 
1989). Singhbhum and Dharwar nuclei lie east and south of Bastar nucleus respectively 
(Fig. l.I). Towards north, Bastar craton got accreted with Bundelkhand craton along the 
east-northeast - west-southwest trending Narmada-Son Lineament, which together 
constitute the Central Indian Shield (Bandopadhaya et. al., 1995). 
Bastar craton, also known as Bhandara craton, is bounded by Proterozoic mobile 
belts viz. Mahanadi graben in the northeast, Godavari graben in the southwest, Satpura 
mobile belts in the north-northwest and Eastern Ghat mobile belts in the southwest 
(Fig. 1.1). The craton encompasses an area of about 2,15000 km^ covering parts oi" 
Chattisgarh, Madhyapradesh, Maharastra and Orissa in Central India. Gneisses, 
granitoids, supracrustals (older and younger) and mafic intrusives make up the major 
geology of the craton (Crookshank, 1963; Naqvi and Rogers, 1987; Ramakrishnan, 1990; 
Prasad, 1990). Most of the previous studies were confined mainly to the supracrustal 
suites of rocks because of its mineral potentials. But the studies on gneisses, granitoids 
and mafic dykes especially their genesis remained quite fragmentary. Detailed 
investigations have not been carried out to elucidate the geodynamic setting and crustal 
evolution of Bastar craton in particular and central Indian shield in general. 
The gneisses of the craton were termed as 'Unclassified Gneisses' by Crookshank 
(1963). These form the basement for the younger suites of rocks especially in the central, 
norlhwestern and eastern parts of the craton. The gneisses are of granitic composition and 
have undergone polyphase deformation. The gneisses are the most abundant rock type ol" 
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the craton. They contain enclaves of older supracrustal suite of rocks represented by 
quartzites, phyllites, mica schists, banded hematite quartzites (BHQ) and agglomerates. 
The gneisses have yielded age ranging from 2.6 to 3.0 Ga following methods like whole 
rock K - Ar, Pb - Pb and Rb - Sr (Sarkar A. et al., 1990; Sarkar G. et al., 1990). Recently 
Sarkar G. et al. (1993) have reported the occurrences of gneisses of trondhjemitic 
composition in the southern Bastar (at and around Markampara). These gneisses are ol" 
very limited aerial extents and occur as enclaves within the granitoids of younger 
magmatic events. They have carried out the zircon U - Pb dating of the gneisses and have 
assigned an age of 3.5 Ga for the emplacement of the protoliths for the gneisses. The 
granitoids that host the gneissic enclaves were also dated by them following the same 
techniques that yielded an age of 2.48 Ga. Thus on the basis of the existing radiometric 
data on the gneisses, it appears that two distinct suites of gneisses can be discerned within 
the craton which differ in their emplacement ages by ~ 1 Ga. 
The granitoids of the craton are undeformed and occur as intrusives into the 
gneisses and contain the enclaves of the gneisses as well as older metamorphosed 
supracrustals. The undeformed nature of the granitoids may indicate that the craton might 
have attained stability after the emplacements of the granitoids and no further orogenic 
movements have taken place. The available whole rock Pb - Pb, Rb - Sr and K - Ar 
isochron age data indicate that the granitoids were emplaced in four successive phases, 
which are dated at 2.6 Ga, 2.3 Ga, 1.8 Ga and 1.5 Ga (Sarkar A. et al., 1990). These 
works mainly address the geology, petrological diversity and stratigraphic positions of 
the granitoids. But the petrogenetic processes, tectonomagmatic environment of 
emplacement and the source characteristics of the granitoids are yet to be constrained. 
Tectonically the Central Indian Shield is a highly disturbed area and shows 
evidences of extensive continental rifting (Yadekar et al., 1990; Divakara Rao el al., 
2000) throughout the Proterozoic, A regime of crustal extension leading to the 
development of intracratonic rift systems appears to have followed initial cratonization of 
the Central Indian Shield (Sarkar, A. et al.. 1990). The first episode of rifting in the 
Central Indian Shield appears to have occurred in the late Archaean - Paleoproterozoic 
leading to the emplacement of Nandgaon Volcanics dated at -2.5 - 2.2 Ga (Sarkar, A. et 
al.. 1990). Successively five events of rifting and associated mafic dyke activities are 
recognised at -2.7 Ga, 1.8 Ga, 1.5 Ga, and 1.2 Ga and 1.0 Ga (Sarkar, A. et al., 1990) 
within the Central Indian Shield using whole rock Pb - Pb and Rb - Sr isochron methods 
of dating covering a total span o f - 1.7 Ga period. These mafic magmatic events are 
equally shared by Bastar craton which is one of the two constituent blocks of the Central 
Indian Shield (Bundelkhand Massif being the other block), resulting in emplacement of 
numerous mafic dyke swarms oriented along the northwest-southeast direction 
(Mallikharjuna Rao et al., 1997, 2002 a, b). Although their ages have not hitherto been 
well established, but the intrusive field relationships into the gneisses older than -3.0 Ga 
and also into granitoids older than -1.5 Ga (Sarkar, A. et al., 1990) indicate that the 
dykes are not older than Paleoproterozoic. The dykes zire in turn overlain by younger 
supracrustal rocks of 700-750 Ma (Sarkar, A. et al., 1990) suggesting that the dykes are 
also not younger than Neoproterozoic. 
Previous Work 
Considerable work has been done on the Bastar craton to document the regional 
distribution, stratigraphic positions and the geological characters of the Archaean 
supracrustals of the craton. Crookshank (1963) has done the legendary work on the craton 
through the systematic mapping of the southern Bastar and proposed the stratigraphic 
schemes for the supracrustals of the southern Bastar into three different series viz. 
Sukma, Bengpal, and Bailadila series in the ascending order. Later, on the bases ot the 
differences in geographical distribution, lithological associations, unconformable 
relationships and metamorphic grade, Ramakrishnan (1990) proposed a stratigraphic 
scheme of southern Bastar in greater detail. The stratigraphic scheme is slightly different 
from that of Crookshank and is presented in Table-1. 
TABLE: 1 
Stratigraphy of Southern Bastar after Ramakrishnan (1990) 
Dolerite and metadolerite 
Basic dykes Greenstone dykes and sills 
Amphibolite dykes 
Granites (Undifferentiated) 
Bailadila 
Group 
(-2100 Ma) 
Bengpal 
Group 
(~ 2300 Ma) 
Sukma 
Metamorphic 
Supracrustal Suite 
(~ 2500 Ma) 
Banded Iron Formation 
Phyllites with cherts and Local conglomerates 
Feldspathic quartzite 
Unconformity 
Gneissic granites (Undifferentiated) 
Andalusite quartzites and conglomerates 
Andalusite and chiastolite Schists and nodular sillimanite 
schists intercalated with 
Amygdular metabasalt sericite quartzites (local) 
Unconformity 
Chamockites 
Granite gneisses and migmatites (TTG suites) 
Banded Iron Formation 
Cordierite-biotite-sillimanite-andalusite-garnet-schists 
Gneisses and quartzites 
Cordierite - anthophyllite rocks 
Amphibolites and Ultramafic schists 
Diosidic calc-silicates gneisses and quartzites 
Sillimanite quartzites 
Basement Gneisses 
(~ 3000 and 3400 Ma) 
The Bastar ciaton was believed to contain Archaean components older than 3000 
Ma like those of Dharwar and Singhbhum cratons (Fermor, 1936; Crookshank, 1963). 
Fermor (1936) considered the crystalline rocks of Bastar craton as Archaean in age and 
suggested temporal similarity with the oldest crustal rocks in the Singhbhum and 
Dharwar cratons. Sarkar, A. et al. (1990) have carried out radiometric dating of different 
suites of rocks of the craton using Pb-Pb and Rb-Sr whole rock isochron dating 
techniques. They have proposed that the precursors of the gneisses were emplaced at -3.6 
Ga and 3.0 Ga and these were followed by a series of granitoid magmatism at -2.6 Ga. 
2.3 Ga, 1.8 Ga, 1.5 Ga and 0.8 Ga. Sarkar, G. et al. (1993) have dated the gneisses 
occurring as enclaves within the granitoids in the southern Bastar and reported a zircon 
U-Pb age of 3.5 Ga for the enclave gneisses. The granitoids that contain the gneissic 
enclaves yielded a zircon U-Pb age of 2480 ± 3 Ma. The gneisses that occur as outcrops 
and the intrusive granitoids yielded Rb-Sr isochron ages of 3018 ± 61 Ma and 2639 ± 489 
Ma respectively (Sarkar, A. et al., 1990). Sarkar, S. N. et al. (1994) have opined that the 
Dongargarh Supergroup of rocks were generated by extensive fractional crystallization 
from a picritic parent melt and the acidic volcanics (viz. Bijli Rhyolite) were derived 
from extensive partial fusion of the granite gneisses that occur as outcrops and were 
emplaced in a rift-related environment. Asthana et al. (1996) reported that the two groups 
of basaltic volcanics (Sitagota and Mangikhuta) of the Dongargarh Supergroup of the 
north Bastar differ among themselves in terms of geochemical compositions and 
proposed different degrees of partial melting of heterogeneous mantle sources under 
different P^2o ^^^ 0^2 conditions for the volcanic rock suites. They have also advocated 
that the basaltic volcanic rocks might have been emplaced in a subduction zone 
environment. But contrasting model was put forward by Neogi et al. (1996) about the 
petrogenesis and tectonic settings of all the volcanic rocks of the Dongargarh Supergroup 
on the basis of the association of the interlayered sediments. They have suggested that the 
Dongargarh lavas were erupted in a continental rift setting rather than in an island arc 
setting. 
Ramakrishnan (1990) have identified and grouped three events of mafic dyke 
activities in the Southern Bastar viz. (i) Amphibolite dykes (ii) Greenstone dykes and sills 
and (iii) Dolerite and Metadolerite dykes, whereas Srivastava et al. (1996) have observed 
only two different types of Proterozoic dykes occurring within the Bastar craton, viz. 
amphibolite and dolerite dykes. The radiometric dating of the mafic dykes of Bastar 
craton was carried out by Sarkar, A. et al. (1990) following the Pb - Pb whole rock 
isochron techniques. They have recognized five episodes of mafic magmatism at -2.7 
Ga, 1.8 Ga, 1.5 Ga, 1.2 Ga and 1.0 Ga, within the craton. These events are also shared by 
granitic magmatism. Thus it appears that the craton has experienced bimodal (felsic -
mafic) magmatism. 
Geography and Accessibility of the area 
Bastar craton covers an area of about 2,15000 km^ within 17 .5^ - 23.5"N 
latitude and 77.8°E - 84.1°E longitudes (Fig.l). It occupies a large area in the central 
India covering parts of the states of Chattisgarh, Madhyapradesh, Maharastra and Orissa. 
The topography of the terrain is rugged with isolated hills of gneissic and granitic rocks 
rising up to a maximum of 920 m above the mean sea level. The quartz veins are the most 
spectacular landscape nmning at some places for several kilometers. The altitude of the 
terrain ranges around 400 - 500 m above the mean sea level. Most of the study areas are 
accessible by motorable roads. Highways and railways interconnect important towns. 
Southern Railway, Raipur - Vizainagaram branch, National Highway No. 6 (Great 
Eastern Road) and Nafional Highway No. 23 run through the area. Mahanadi, Indravati, 
Dantewara and Jonk rivers constitute the major drainage systems of the terrain with 
almost a northerly flow of the rivers. The rivers remain perennial throughout the year. 
Purpose of Study 
Most Archaean cratons consists of tonalite-trondhjemite-granodiorite (TTG) 
gneisses, granulites, greenstone belts and calcalkaline granitoids (e.g. Windley, 1995). 
Extensive works has been carried out on TTG. greenstone belts, but the calcalkaline 
granitoids have not been given due attention (e.g. Jayananda et al., 2000 and references 
therein). Their petrogenesis remain a matter of debate and a number of sources including 
mantle, lower and upper continental crust have been invoked to explain their genesis. 
These calc-alkaline granitoids provide a window to probe the crust-mantle interactions 
and help to study the evolution and stabilization of cratons. The Bastar craton in the 
central Indian shield consists dominantly of Archaean - Proterozoic gneisses, granitoids 
and mafic dykes. These rocks provide an excellent opportunity to study the origin of 
these rocks and their implications in the evolution of the crust during Archaean -
Proterozoic. 
The present study is undertaken to understand the petrogenetic processes of the 
gneisses, granitoids and mafic dykes to model the tectonomagmatic evolution of the 
Bastar craton fi-om Archaean to Proterozoic. As the geochemical signatures point towards 
a subduction related magmatism, the samples have been collected from all the three rock 
units spatially distributed within the craton to understand the arc maturity trends if, any. 
Further, it has been observed that the craton had experienced unimodal (only felsic 
represented by granite-gneisses) magmatism during the Archaean and bimodal (both 
felsic and mafic represented by granitoids and mafic dykes respectively) magmatism 
during Proterozoic. This indicates that the craton had evolved through two or more 
distinct tectonic settings fi-om Archaean to Proterozoic. Efforts are also made to explain 
the tectonic settings characterizing the unimodal and bimodal magmatisms during 
Archaean and Proterozoic respectively and to constrain the subcontinental lithospheric 
mantle characteristics beneath the Central Indian Shield. 
The important aspects that constitute the scope of the work include: 
1. Geological mapping of a selected area. 
2. Systematic sampling of the gneisses, granitoids and mafic dykes. 
3. Petrographic studies of the rock samples in thin sections under the microscope. 
4. Whole rock geochemical analysis of major and trace elements including the Rare 
Earth Elements (REE) of the gneisses, granitoids and mafic dykes. 
5. Understanding the petrogenesis of the protoliths of the gneisses, granitoids and 
mafic dykes. 
6. Proposing a probable tectonic model for the evolution of the craton from 
Archaean to Proterozoic. 
CHAPTER - II 
GEOLOGICAL SETTING 
GEOLOGICAL SETTING 
The geology of the Bastar craton is very complex, as the craton represents a 
checkered history of evolution with contrasting petrological units of different ages, 
consisting of metasedimentary and metavolcanic supracrustals, gneisses, granitoids, and 
mafic dykes, which together constitute the bulk of the geology of the Bastar craton. 
These rock units are overlain by unmetamorphosed younger supracrustals. Quaternary-
Recent Sediments represent the younger formations covering the craton especially in the 
west, northwest and in the central part of the craton rendering much hindrance in carrying 
out detailed field studies of the older rocks. 
The metamorphosed supracrustals are the oldest Archaean component of the 
craton. These are the highly deformed and metamorphosed sequences of sedimentary and 
volcanic rocks and occur as enclaves within the gneisses that are forming the basement of 
the craton. 
The gneisses of the craton are of granitic compositions, which make up the 
basement for the younger suites of rocks of the craton. The gneisses are the most 
abundant rock type of the craton. The available radiometric data indicate that the granite-
gneisses were emplaced at 3.0 Ga. However Sarkar, G. et al. (1993) has reported the 
occurrences of an older suite of gneiss that yielded an age of 3.5 Ga. These older gneisses 
show trondhjemitic affinity and occur as enclaves over a much-limited area in the 
southern Bastar (at and around Markampara). 
Granitoids, the second abundant rock units of the craton, are intrusive into the 
granite gneisses and into the Precambrian metamorphosed supracrustals as well. The 
mafic dykes represent the youngest igneous activity within the craton and cut across all 
(he previous magmatic and metamoi-phic rock suites viz. gneisses, granitoids and 
metamorphosed supracrustals. 
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Detailed field investigations are carried out in the northern, central and southern 
parts of the Bastar craton. Quadrangular Survey of India toposheets numbered 64G, 6411. 
64K, 640, 65E and 65F (First edition) surveyed during 1977-1978 and revised edition 
surveyed during 1979-1980 were used as the base map for field investigations and 
geological mapping. In the course of study an area of about 2500 km has been mapped 
(Fig.2.1) along Raipur - Basna section of the Great Eastern Road (NH-6) within 82**25 N -
82°55'N latitude and 21°5'E - 21°25'E longitude. Along this section all the lithounits 
including gneisses, granitoids and mafic dykes are exposed. 
A brief account of each litho-unit of the craton is described below: 
PRECAMBRIAN METAMORPHOSED SUPRACRUSTALS 
The craton consists of six major supracrustal groups viz. (i) the Sakoli-Sonakhan 
Group, (ii) the Dongargarh Supergroup and (ill) the Sausar Group in the northern part of 
the craton (Fermor, 1909) and (iv) the Bailadila Group, (v) the Bengpal Group and (vi) 
the Sukma Group (Crookshank, 1963) in the southern part of the craton. These are highly 
deformed and metamorphosed sequences of sedimentary and volcanic rocks. These 
metamorphosed supracrustals occur as co-folded enclaves within the Basement gneisses. 
The general stratigraphic succession of the supracrustals of the Bastar craton is given in 
Table 2. 
Sakoli-Sonakhan Group 
Sakoli Group occurs in a large synclinorium west of Chattisgarh basin (Fig. 1.1). 
Lithologically, the volcano-sedimentary Sakoli Group comprises predominantly of 
metapelitic rocks (~ 80% by volume) (muscovite-quartz-garnet-biotite schists ± staurolite 
± chlorite) with minor quartzite, arkose, conglomerate, banded iron formations, 
metamorphosed rhyolite, tuffs, epiclastic rocks, metabasalts and meta-ultramafic rocks 
(Bandopapadhyay et al., 1988, 1995). The Sakoli Group of metamorphosed supracrustals 
has undergone two phases of deformation. The first phase has mainly produced isoclinal 
O m ChattisgarhGroup 
Granitoid 
Sonakhan Greenstone 
Gneiss 
Mafic Dyke 
ff^v^ Quartz vein 
Fig. 2.1. Geological map of Bastar craton near Raipur. 
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Table: 2 
Stratigraphic succession of supracrustals of Bastar craton after Naqvi and Rogers 
(1987) 
Nagpur, Bhandara, Chindwara Jeypore, Bastar (east, southeast and 
(west of Chattisgarh Basin) south of Chattisgarh Basin) 
Chattisgarh and Bastar Basins 
'.—Unconformity 
Sausar Group (~ 1600-900 Ma) Bailadila Group (~ 2100 Ma) 
Dongargarh Supergroup Bengpal Group (-2300 Ma) 
(-2462 Ma--1367Ma) 
Sakoli Group/ Sonakhan Group Sukma Group (~ 2500 Ma) 
(~ 2500 Ma) 
Basement Gneisses and Granitoids 
fold of the bedding plane (So) and an axial plane schistosity (S|). The second phase of 
deformation has folded both the So and Si planes. First generation of folding was 
accompanied by development of schistosity and recrystallization of mica and quartz. 
Garnet was produced during the second phase of folding with staurolite and kyanite 
(Sengupta, 1965). 
Sonakhan Group of metamorphosed supracrustals occurs east of Chattisgarh basin 
(Fig. 1.1). The supracrustals are composed mainly of quartzites, phyllites, mica schists, 
banded hematite quartzites, agglomerates and epidiorites. This Group is considered 
stratigraphically equivalent to the Sakoli Group. 
Dongargarh Supergroup 
The Dongargarh Supergroup of metamorphosed supracrustals occurs in north-
northeast trending belt flanked by the Chattisgarh basin and Sakoli synclinoriuni in the 
east and west respectively (Fig. 1.1). The belt is about 90 km wide and 150 km long and 
is divided into Amgaon, Nandgaon and Khairagarh Groups. 
Amgaon Group is represented by psammitic metamorphites alternating with 
metabasic flows, which are represented by amphibolites and hornblende schists, 
feldspathic and other impure quartzite, quartz-sericite schist, hornblende-biotite-feldspar-
quartz schists and gamet-epidote quartzite. These rocks have almost north-south strike 
and steep dip. 
The Nandgaon Group overlies unconformably the Amgaon Group and is 
represented by Bijli rhyolite and Pitepani volcanics. Bijli rhyolites are represented by 
rhyolites, rhyolitic agglomerates and acid tuffs (ignimbrites) while the Pitepani volcanics 
are represented by andesitic and tholeiitic basalts and tuffs. 
The Khairagarh Group is composed of sedimentary rocks (green sandy tuffs and 
tuffaceous sandstones, arkosic and lithic wackes, arenites, shale, siltstones and 
14 
conglomerates) and metavolcanics (basalts, tuffs and agglomerates) occurring in alternale 
layers. The sequence starts with a basal sedimentary formation. 
The Dongargarh Supergroup has been affected by at least three phases of 
deformation. The first phase of deformation produced isoclinal folds in the Amgaon 
Group of rocks, while the second and third phases of deformation affected the Bijli 
rhyolites of Nandgaon Group and basal sedimentary formation of the Khairagarh Group 
respectively. 
Sausar Group 
Sausar Group represents an upper amphibolite facies assemblage of pelitic. 
psammitic calcareous and manganiferrous sedimentary sequence (Gondite) occurring in 
an east-northeast trending arcuate belt of about 32 km wide and 210 km long. Calcareous 
formations are well developed in the north and west while argillaceous formations are 
well developed in the south and east of the belt. This group of rocks is characterized by 
virtual absence of volcanic rocks (Narayanaswamy et al., 1963). Sausar Group shows 
evidence of three phases of deformation and four phases of metamorphism. 
Metamorphism of this group of rocks was roughly synchronous with the various stages of 
deformation. The first phase of deformation produced isoclinal folds, axial plane 
schistosity and mineral lineations. The second phase of deformation did not produce 
major structures but generated superfolds and crenulation cleavage while the third 
deformational phase formed open folds with steeply dipping axial planes (Sarkar et al.. 
1977). 
Sukma Group 
Sukma Group of supracrustals occur as enclaves of variable sizes and orientation 
in the gneisses that are occurring as outcrops to the west and northwest of Sukma. 
southeast of Bailadila hills and near Bijapur. Sillimanite, cordierite, anthophyllites. 
diopside, calc-silicates, metaultramafites and banded iron formations represent typical 
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Sukma lithologies. Chamockites and other high-grade supracrustals of Sukma Group are 
found in Bhopalpatnam and Kondagaon belts. The Sukma supracrustals show west-
northwest trending first generation folds (Fi) associated with the main foliation and 
overprinted by the north-northeast trending second-generation (F2) folds. The third phase 
of deformation developed crenulation cleavages and northwest trending shear zones 
(Chaterjee, 1970). 
Bengpal Group 
Bengpal Group is restricted to a narrow west-northwest trending belt with an 
average width of 10 km and a maximum width of 30 km. This belt is bounded to the north 
and south by the Indravati and Sukma basins respectively. Bengpal Group is 
characterized by amygdular metabasalt with metagabbroic sills and dykes closely 
intercalated with andalusite schists and banded magnetite quartzite. The supracrustals of 
the group are highly deformed. South of Bastar, horizontal shearing had produced mostly 
steep, north-northeast plunging overturned folds with axial planes dipping steeply east-
northeast. To the west, the fold geometry changes to north-south trending non-plunging 
folds (Chaterjee, 1970). 
Bailadila Group 
Bailadila Group of supracrustals occurs in a north-south trending synclinorium 
with two synclines and intervening anticlines plunging north. The supracrustals are 
predominantly exposed in the Bailadila hills. These are composed of feldspathic quartzite 
at the base followed by phyllites and banded iron formations containing rich iron. The 
most abundant rock unit of the Bailadila sequence is the banded iron formation including 
banded hematite quartzite, banded hematite jasper, banded magnetite quartzite and jasper 
having bands and streaks of iron ores (Crookshank, 1963). Horizontal shearing in the 
Bailadila range has produced north-northeast plunging overturned folds with axial planes 
dipping east-northeast resulting from flexural slip folding. In the west of Bailadila the 
fold geometry changes to north-south trending non-plunging folds (Chaterjee, 1964). 
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BASEMENT LITHOLOGY 
Gneisses 
The gneisses are the most ubiquitous rock type of the craton and form the 
basement for the younger suites of rocks of the craton. The gneisses are of granitic 
composition and occur as outcrops occupying the wide planes and also forming the 
prominent tors and hill ranges. The gneisses were termed as 'Unclassified Gneisses' by 
Crookshank (1963). The older metamorphosed supracrustals occur as enclaves in isolated 
patches within the gneisses (Fig. 2.2a), while the younger undeformed supracrustals 
unconformably overlie the gneisses. Multi-phases of deformational activities have 
produced different trends of gneissosity within the gneisses in various localities within 
the craton. The trends of gneissosity can be generalized varying from north-northwest -
south-southeast to north-northeast - south-southwest. The gneissic bands are tightly 
folded; at places these are exhibiting Ptigmatic folding (Fig. 2.2b). In the field, marked 
compositional variations are observed within very small aerial extents; this makes it very 
difficult to map them separately. Hence all the gneisses occurring as outcrops within the 
craton are classified as a single rock unit. At Baya the gneisses are intruded by an 
amphibolite body, in which feldspar phenocrysts are found aligned roughly along north-
south direction indicating flow texture (Fig.2.2c). 
The gneisses are predominantly biotite bearing. The dark bands of the gneisses 
contain biotite rich mafic mineral assemblage in parallel to sub parallel layers while the 
light bands are mostly quartzo-feldspathic. The gneisses are more or less equigranular. 
But at places they also show poorly developed augen structures due to development of 
feldspar phenocrysts. The dominant mineralogy of the gneisses is quartz, plagioclase, 
microcline and biotite. At places the gneisses are also found to contain garnet and 
staurolite. Almost undeformed granite plutons of varying dimensions occur as intrusives 
into the gneisses throughout the craton. The deformation and folding of the gneissic 
bands took place before granite intrusion, because the intruded granites are undeformed. 
Fig. 2.2a 
Photograph of a gneissic outcrop containing amphibolitic enclaves. 
A m. 
^ # 
^ x T 
. ' - - - , t , * 4 ^ 
Fig. 2.2b 
Photograph of a gneissic outcrop showing folding. 
18 
' - > 
^ Granite 
Aplitellyl^^ 
Fig : 2.2c 
Photograph showing cross cutting relationships between granite, 
gneiss, amphibolite dyke and aplite dyke. Granite is intrusive into the 
gneisses, both of which are in turn cut across by an amphibolite dyke. 
Aplite dyke is the last acidic intrusive phase that cut across all the 
three earlier magmatic phases. 
The flow texture is exhibited by the alignment of the feldspar (thick 
arrow) within the amphibolite dyke. 
Fig. 2.2d 
Photograph of a mafic dyke. The width of the dyke is about 40 m. 
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Patches of host gneisses are noticed occurring as enclaves within the intrusive granitoids. 
The gneisses are traversed by pegmatite, aplite and quartz veins mostly along foliation 
planes, while crosscutting relationship is also clearly observed. Sarkar, G. et al. (1990) 
have reported a distinct variety of gneiss of trondhjemitic composition of 3509 Ma age, 
mostly occurring as enclaves within granitoids. They have a very restricted spatial 
distribution at and around Markampara in the southern Bastar. 
Granitoids 
Almost undeformed granitoid bodies of varying dimensions (stocks, bosses and 
batholiths) occur as intrusives into the gneisses occurring as outcrops and also into the 
metamorphosed supracrustals through out the craton. The granitoids form the second 
largest litho-unit of the craton. Enclaves of the gneisses and metamorphosed supracrustals 
abundantly occur within the granitoids. Mineralogically the granitoids are composed of 
quartz, K-feldspar, plagioclase and biotite. 
The granitoids have attained a very localized foliation in different parts of the 
craton due to shearing. At many localities the granitoids have undergone extensive 
exfoliation weathering. Pegmatitic veins are distributed irregularly along different 
fracture planes within the granitoids. They completely lack in mineralization. The 
pegmatitic veins are observed to contain enclaves of host granitoids. Quartz veins in this 
location are seen to exhibit pinch and swell structures. Quartz veins traverse the 
granitoids with sharp contacts and are best developed along oblique joints in northeast 
southwest and northwest southeast. At places the younger quartz veins cut through and 
displace the older quartz veins. Aplite veins and dyke are found to traverse the granitoids 
along different directions. The granitoids are traversed by several dolerite and 
amphibolite dykes along northwest- southeast direction throughout the craton. 
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MAFIC DYKES 
The craton is traversed by a number of mafic dykes and these cut across all the 
rock formations of the craton except the younger sedimentary supracrustals. The 
available radiometric data reveal that the dykes represent five phases of emplacement at 
-2.7 Ga, 1.8 Ga, 1.5 Ga, 1.2 Ga, 1.0 Ga (Rb-Sr, Pb - Pb whole rock isochron age: Sarkar. 
A. et al., 1990). The dykes trend predominantly in northwest -southeast to west-northwest 
- east-southeast directions. The dykes are approximately 10-100 m wide (Fig.2.2d) and 
are 1-20 km long. The dykes are not exposed continuously, rather at places these are 
covered under thick piles of sediments for considerable distances. The dykes show sharp 
contacts with the country rocks. They do not show any evidence of reaction with the 
country rocks like sign of chilling along the margins or partial fusion of the host rocks, 
gradational contacts etc. nor do they show any flow characteristics like vesicles, pillow 
lavas, flow banding, flow lineation etc. Cogenetic volcanic suites associated with mafic 
dykes have not been observed, probably indicating deeper levels of erosion. The mafic 
dykes occur as dolerite and amphibolitic bodies. Dolerites are relatively fresh and 
undeformed. In the amphibolitic bodies the affect of metamorphism is quite restricted 
within few meters from dyke margins towards the core. Both the groups of dykes bear 
remarkable similarity in terms of mineralogy both along and across the length of the 
dykes. This indicates that the magma was very mobile and was emplaced rapidly. The 
dykes show subophitic to intergranular texture, whereas at places they become 
porphyrific containing feldspar phenocrysts of about 2"size. 
At a number of places more than one set of joints are noticed to have developed 
along and across the length of the dykes. At a number of places, shearing of the mafic 
dykes has produced localized schistosity in the rocks. 
Quartz veins and mafic dykes exhibit crosscut relationships. The mafic dykes aie 
noticed to cut across the quartz veins at a number of outcrops implying that the quartz 
veins are older than mafic dykes. Minor quartz veins are also noticed within the mafic 
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intrusives in many other localities. The mafic dykes represent the culmination of the 
magmatic activities within the craton. 
UNMETAMORPHOSED SUPRACRUSTALS 
These comprise a great thickness of unmetamorphosed sediments piled up 
unconformably over the Precambrian formations within eight late Proterozoic basins 
including the major ones of Chattisgarh basin in the north central and Bastar basin in the 
southern parts of the craton (Fig. 1.1). The unmetamorphosed supracrustals (Chattisgarh 
Supergroup) contained within the major Chattisgarh basin occupies about 36,000 km^ 
areas in the north central parts of the craton and aggregates to a total thickness of 1500 
m. The lower Chanderpur Formation of the Chattisgarh Supergroup consists of 
conglomerates and sandstone while the upper Raipur Formation consists of shales, thinly 
bedded sandstones and shaly limestone. The bedding strike of the Chattisgarh 
Supergroup of the rocks varies from north-northeast - south-southwest to north-northwest 
- south-southeast with variable dips. 
The sandstones of the Chanderpur Formation are fme to medium grained and 
consist of quartz with subordinate amount of muscovite, K-feldspar and plagioclase. The 
shales are thinly bedded and are colored in shades of yellow and pink and the limestones 
are dark grey and pink colored with occasional stromatolitic structures (Tripathi et al., 
1981). The supracrustals of the Bastar basin (Indravati Group) are lithologically similar 
to those of the Chattisgarh basin. The size of the Bastar basin is quite smaller than the 
Chattisgarh basin. 
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CHAPTER - III 
PETROGRAPHY 
PETROGRAPHY 
121 samples consisting of gneisses, granitoids and mafic dykes were collected 
from different parts of the craton. Important sample locations are marked in Fig. 3.1. 
Fifty-two representative thin sections of the gneisses granitoids and mafic dykes were 
selected to carry out the petrographic studies of the rock suites. The thin sections were 
stained for K-feldspars to differentiate them from untwined plagioclase. The uncovered 
thin sections were etched by hydrofluoric acid vapor and then dipped into freshly 
prepared saturated solution of sodium cobaltinitrite. Consequently, K-feldspars stained 
yellow making it easy to disfinguish them from untwined plagioclase. Point counting 
method of Chayes (1956) was employed to estimate modal composition of the granitoids 
and gneisses. The number of points counted for modal analysis varied from 1200 to 1500 
depending on the texture of the rocks. The average modal composition of the granitoids 
and gneisses are presented in Table 3. The modal values of quartz (Q), alkali feldspars 
(A) and plagioclase (P) of the granitoids and gneisses are plotted on the lUGS (modal) 
classification scheme (Fig.3.2) of Le Maitre et al. (1989). 
Gneisses 
The gneisses are grey, leucocratic, medium to coarse grained and porphyroblastic. 
Plagioclase and microcline (average grain size 3-5 mm) are the common porphyroblasts. 
The gneisses are composed of quartz, plagioclase, microcline, orthoclase, biotite and 
hornblende as major minerals; apatite, zircon, sphene and opaques occur as accessor)' 
minerals. Sericites and chlorites are the secondary minerals. The plagioclases of the 
gneisses compositionally range from An to An and make up 40% to 45% by mode. 
These show variable degrees of alteration to sericites. K- feldspars (microcline and 
orthoclase) are medium grained and occur as euhedral to subhedral crystals. These are 
relatively fresh and make up about 10% to 20% of the total modal composition of the 
gneisses. The quartz crystals of the gneisses are medium to fine grained and occur as 
xenoblastic crystals. In the QAP modal diagram (Fig.3.2), the gneisses of Bastar craton 
mostly plot within granodiorite and monzogranite fields except for a few samples that fall 
0)^ (5K-5I ;GK-52) 
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Sm, Sukma belt; Dn, Dongargarh-Khairagarh-Abujhmar belt; Bp, Bengpal belt; Inb, Indrabati 
basin; Khb, Khariar basin; Sn, Sonakhan belt; Chb, Chattisgarh basin; Smb, Sukma basin. 
Fig. 3.1. Map showing important sample locations within Bastar craton. 
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Table: 3. Modal compositions of Bastar gneisses and granitoids 
Mineral 
(mode %) 
Quartz 
Plagioclase 
K-feldspar 
Biotite 
Hornblende 
Sphene 
Apatite 
Zircon 
Magnetite 
Gneisses 
(18 samples) 
Range 
35-54 
17-43 
8-47 
1-10 
2 - 5 
Nil 
<1 
<1 
<1 
Mean 
30 
43 
14 
4 
3 
Nil 
0.3 
0.1 
0.2 
Granitoids 
(17 samples) 
Range 
24-51 
25-60 
10-45 
2 - 10 
1-6 
<1 
<1 
<1 
<1 
Mean 
32 
35 
18 
5 
5.5 
0.7 
0.4 
0.2 
0.2 
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Fig. 3.2. The lUGS (modal) classification scheme (LeMaitre et al., 
1989) of Bastar gneisses and granitoids. Trends: A, Caic-alkaline 
trondhjemite (low-K); B, Calc-alkaline granodiorite (medium-K); 
C, Calc-aikaiine monzonite (high-K) are after Layemere and 
Bowden(1982). 
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within the quartz-monzonite and quartz-monzodiorite fields (Fig. 3.2). 
Granitoids 
The Bastar granitoids are grey to pink, massive, leucocratic to alaskitic (5% of 
biotite and hornblende), medium to coarse-grained and equigranular to porphyritic. The 
primary minerals of Bastar granitoids include quartz, plagioclase, K-feldspars, 
hornblende and biotite as major phases; augite, apatite, sphene, zircon and opaque 
constitute the minor phases. The secondary alteration products are represented by 
sericites and chlorites. In the QAP modal diagram of Le Maitre et al. (1989), the 
granitoids of Bastar craton plot mostly within monzogranite and granodiorite except for a 
few samples that fall within quartz-monzodiorite. quartz-monzonite and syenogranite 
fields £ind correspond to calc-alkaline medium-K trend of Layemere and Bowden (1982) 
(Fig.3.2). K-feldspars of the granitoids are mostly microclines, although orthoclase is 
present but constitutes only 5-10% of the total mode. These together make up 10 - 45% 
of the average modal composition of the granitoids. The K-feldspars are coarse grained 
(average size 2mm) and show perthitic to mesoperthitic texture (Fig. 3.3a). Albite 
exsolution has mainly string or stringlet form and more rarely of bleb form. 
Myrmekitization between K-feldspar and quartz grain boundaries are common (Fig. 
3.3b). 
Plagioclases (An^^ to An^ )^ are medium grained (up to 2 mm) euhedral to 
subhedral crystals. These make up 25% to 60% of the total mode of the granitoids. These 
exhibit variable degrees of alteration to sericites selectively along the cleavage planes 
and also towards the core leaving the rims unsericitized (Fig.3.3c). Quartz is 
predominantly interstitial and anhedral and exhibit undulatory extinction. It makes up 
about 30% of the total mode of the granitoids. 
Hornblende and biotite have dark green to dark brown pleochroism. These occur 
as medium to fine grained crystals and form isolated euhedral to subhedral crystals. Both 
biotite and hornblende show variable chloritization at places and sometimes selectiveh 
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Fig. 3.3a 
Photomicrograph of granitoid showing perthitic texture.Cross 
nicols. 
Fig. 3. 3b 
Photomicrographs of granitoid showing myrmekitized 
plagioclase (in extinction position). Rhabdites (myrmekitic 
quartz rods, arrows ) are arranged perpendicular to the margin 
of the plagioclase. Cross nicols. 
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Fig. 3.3c 
Photomicrograph of gneiss showing altered plagioclase 
(sericitized) with preferential sericitization towards the core. 
Cross nicols. 
Fig. 3.3d 
Photomicrograph of dolerite dyke showing ophitic texture. 
Cross nicols. 
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along the cleavage planes. The general texture of the granitoids is hypidiomorphic 
granular. Graphic and granophyric textures are also observed in the granitoids. 
Mafic Dykes 
The essential minerals of unmetamorphosed dolerite dykes are plagioclase (An 
to An^J and clinopyroxene (mostly augite) with minor hypersthene. Orthopyroxene, 
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quartz, hornblende, biotite, K-feldspar, sphene, apatite, ilmanite and magnetite are 
occurring as common accessories. The texture of the dykes is essentially magmatic 
although variable degrees of deuteric and hydrothermal alterations of the primary 
minerals are also evident. Sericite, chlorite, epidote and carbonates are the altered 
mineral assemblage variably occurring in the rocks. The primary minerals like 
plagioclase and clinopyroxenes are occurring as phenocrysts (2-3 mm) and these are 
embedded in fine-grained groundmass containing pjroxene, plagioclase and other 
accessories. The dykes have ophitic to subophitic textures (Fig.3.3d) indicating eutectic 
crystallization between plagioclase and augite. 
The amphibolite group of dykes is composed essentially of hornblende and 
plagioclase (An to An ) with little clinopyroxene. The common accessory minerals are 
quartz, biotite, apatite, sphene, ilmanite and magnetite. Plagioclase, biotite and 
hornblende show variable degrees of hydrothermal alteration to sericite and chlorite. The 
dykes are medium grained with hornblende and plagioclase megacrysts. 
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CHAPTER - IV 
GEOCHEMISTRY 
GEOCHEMISTRY 
SAMPLING AND ANALYTICAL TECHNIQUES 
Fresh samples of the gneisses, granitoids and mafic dylces were collected from the 
outcrops. Locations of important samples are shown in Fig.3.1. The rock samples have 
been collected from north, northeastern, central, south and southwestern parts of Bastar 
craton. The samples have been collected from all through the craton with a view to 
observe spatial variations. Utmost care has been taken to collect the freshest possible 
samples from the outcrops. The dyke samples have been collected from the core portion 
of the dykes so as to mitigate the possible effects of crustal contamination with the host 
gneisses and granitoids. The dykes appear not to be contaminated as indicated by the 
absence of any country rock, xenoliths or partially digested portion of these near the dyke 
margin or any other portion of the dykes. Prior to geochemical analysis, the rocks were 
studied under the microscope. Effects of alterations were observed in thin sections and in 
hand specimens. Samples, which show least alteration effects, were selected for 
geochemical studies. Altogether thirty-eight representative samples were selected for 
geochemical analysis after careful petrographic studies from the point of view of 
secondary alterations, and to represent maximum possible geographic locations and 
lithologic variation within the craton. We have synthesized a total of seventy three 
number of samples; out of which, thirty eight representative samples were analyzed for 
the present study and the other data have been taken from the published work of Mondal 
and Ahmad (2001); Srivastava et al. (1996), Neogi et al. (1996) and Asthana et al. 
(1996). 
Rock samples were reduced to smaller size (~3 cm) to observe any trace of thin 
mineral veins. The chips were further crushed to yet smaller sizes (~2 mm) then washed 
with distilled water and sun dried. These were then pulverized to -200 mesh in agate 
mortar. Whole rock major and trace element analyses were carried out at Wadia Institute 
of Himalayan Geology (WIHG), Dehra - Dun on WD-XRF (Siemens SRS 3000 
Sequential X-ray Spectrometer) using fused disks for major and pressed powder pellets 
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for trace elements. The accuracy (% RSD) for major and minor oxide is less than 5% and 
the precision is better than 1.5%. Accuracy for the trace elements is better than 12% and 
long-term precision for the trace elements is better than \0% (Saini et al., 1998). Twelve 
representative samples [four each of gneisses (RB-13, RB-15, DK-29, GD-42), granitoids 
(RB-11, RB-20, DK-21, BSP-101) and mafic dykes (amphibolite: GD-34, GD-37; 
dolerite: GD-40, GK-52)] having maximum compositional as well as spatial variations 
are selected for REE analysis at National Geophysical Research Institute (NGRI), 
Hyderabad using Perkin Elmer Sciex ELAN DRC-II on ICP-MS instrument following 
the procedure described by Balaram et al. (1996). Trace element analyses were also 
carried out on these selected twelve samples by ICP-MS technique. The results are 
consistent with those of XRF data from WIHG. The precision of ICP-MS data are <5%) 
RSD for all the REE. International standards of USGS, GSJ were used for calibration and 
testing of accuracy. Whole rock major and trace element data of the gneisses, granitoids 
and mafic dykes are presented in Appendix-1. 
ELEMENTAL MOBILITY 
The rock suites of the craton studied here have been affected to varying degrees of 
post-magmatic alteration, metamorphism and deformation. These may disturb the 
abundance of individual elements within the rocks. The granitoids are undeformed and 
have experienced varying degrees of alterations of plagioclase to sericite, biotite and 
hornblende to chlorite. The gneisses are highly deformed and have undergone similar 
degrees of alterations of plagioclase to sericite, biotite and hornblende to chlorite as those 
observed in granitoids. Limited alterations of hornblende and biotite to sericite and 
chlorite are observed within both the groups of mafic dykes. Before selecting samples for 
geochemical analysis, thin sections of the samples were studied carefully. Only those 
samples are selected for geochemical analysis, which show least deuteric and 
hydrothermal alterations. However, Pollard et al. (1983) and Taylor and Pollard (1988) 
have observed that restricted alterations of plagioclase to sericites, biotite and hornblende 
to chlorite are often in situ grain boundary controlled changes and thus represent 
isochemical changes. In addition to petrography, alteration effect has also been evaluated 
geochemically. The major elements including the alkalies, which are potentially mobile 
during alteration process, show smooth variation trends both for inter and intra suite 
rocks. On the Marker's variation diagram K2O and Na20 show positive and negative 
linear variation trends respectively against SiOa for the gneisses (Fig.4.1a), although they 
do not depict any clear trend for the granitoids (Fig.4.1b). On the AFM plot based on 
Na20 + K2O - Fe203(t) - MgO, the gneisses and granitoids samples exhibit a calc-
alkaline trend (Fig.4.3). Similar trends are discerned from K-Na-Ca diagram of Barker 
and Arth (1976) for the gneisses and granitoids (Fig.4.7). The normalized multi-elemental 
and REE patterns of the gneisses and granitoids are relatively smooth (Figs.4.17, 18). 
REE and other incompatible elements are contained in relatively stable phases like 
apatite, rutile, ilmanite, sphene, zircon, allanite etc. and these stable phases become 
metastable in highly altered rock suites (Higgins et al., 1985). The regular REE and 
multi-elemental patterns are thus indicative of primary magmatic chemistry of the rock 
suites. It may, therefore, be concluded that the major and trace elemental mobility of the 
granitoids and gneisses have been relatively minor and the major and trace elemental 
abundances reflect near primary magmatic characteristics in the gneisses and granitoids. 
To assess the mobility of individual elements of the mafic dykes during post-
crystallization processes, a few less mobile (MgO, Ti02, CaO, Y and Cr) and a few 
known mobile (Na20, K2O, Ba and Sr) elements are plotted against Zr content of the 
dykes (Figs. 4.4a,b). These plots are quite informative for assessing the mobility of 
various elements under low-grade metamorphism and post crystallization alteration that 
these rocks have undergone. Zr is considered nearly immobile during low grade of 
metamorphism and/or post crystallization alteration (Winchester and Floyd, 1977) and is 
essentially incompatible in basaltic system (Tarney et al., 1979). The Zr vs. major and 
trace element plots for the amphibolite and dolerite dykes of Bastar craton show 
individual magmatic trends as shown in Fig. 4.4a,b indicating that they have some unique 
petrogenetic characteristics (To be discussed in detail later). 
Major element ratio plots MgO/Ti02 vs. CaO/Ti02; Al203/Ti02 and CaO/TiO: vs. 
Ti02 of Nesbitt et al. (1979) show tight magmatic trends for the dykes (Fig. 4.5). 
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Normalized multi-elemental and REE patterns of the dykes (Figs. 4.17,18) are also 
regular and consistent with magmatic processes implying that the incompatible trace 
element abundances and their ratios are not significantly disturbed by post-crystallization 
processes and thus it seems that the concentrations of incompatible trace elements of 
mafic dykes of Bastar craton bear primary magmatic characteristics. 
GEOCHEMICAL CLASSIFICATIONS 
The classification scheme of rocks based on major elemental abundance are 
proved sometimes less successful than those based on trace elemental abundances. This 
is because the major elements are affected relatively more by post magmatic processes 
like alterations and metamorphism etc. than do the trace elements. Based on selective 
major and trace element abundance and their ratios many classification diagrams have 
been proposed which are now widely used. 
Gneisses and Granitoids 
Using the CIPW normative abundance of albite, anorthite and orthoclase, 
O'Connor (1965) proposed a ternary scheme of classification for granitoids into tonalite, 
trondhjemite, granodiorite and granite domains. The fields of the diagram were later 
modified by Barker (1979). The gneisses of Bastar craton plot within the granite and 
trondhjemite fields while the plots of the granitoids of the craton are clustered mostly 
within granite field (Fig. 4.6); while two of the granitoid samples plot within granodiorite 
field and one in the trondhjemite field. The gneisses occurring as enclave within the 
granitoids are also plotted on the diagram (data are from Sarkar, G. et al., 1993), these 
plot within the granodiorite field (Fig. 4.6). 
The K-Na-Ca and CIPW normative quartz-albite-orthoclase diagrams (Figs. 4.7, 
8) of Barker and Arth (1976) are commonly used to illustrate the difference between 
trondhjemitic and calc-alkaline igneous rocks (Kalsbeck, 2001; CoUerson and 
Bridgewater, 1979; Martin, 1987). However both the diagrams have led to confusion. In 
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Fig. 4.6. Normative An - Ab - Or classification scheme for the Bastar 
gneisses and granitoids. The fields are after O'Connor (1965) 
and Barker (1979). 
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the K-Na-Ca diagram both weight proportions of K-Na-Ca (e.g. CoUerson and 
Bridgewater, 1979: Fig. 19), atomic proportions of K-Na-Ca (Martin, 1987:Fig. 5B; Rapp 
and Watson, 1995: Fig. 6) and weight proportion of K2O, Na20 and CaO (e.g. Luais and 
Hawkesworth, 1994: Fig. 5) have been plotted. There is no a priori reason to prefer any 
of these plots but the same location of the reference curve for calc-alkaline suites are used 
by all these authors irrespective of which units are plotted and it resulted in a gross 
incorrect comparison. The standard calc-alkaline reference curve (C-A in Fig. 4.7) was 
employed by Barker and Arth (1976) from Nockolds and Allen (1953) from the southern 
California Batholith (Larsen, 1948). Neither Barker and Arth (1976) stated which units 
they had used in their diagram but Kalsbeck (2001) have re-plotted the data of Larsen 
(1948) and have observed that the calc-alkaline reference curve represents weight 
proportion of K, Na, and Ca. In the diagram (Fig. 4.7) weight proportions of K, Na, and 
Ca for the Bastar gneisses and granitoids are plotted and are observed lying along the C-
A trend. Almost all the samples of the gneisses and granitoids plot towards the sodic side 
of the reference curve C-A (Fig. 4.7). 
The normative composition of the Bastar gneisses and granitoids are plotted on 
the normative quartz-albite-orthoclase diagram (Fig. 4.8a), which shows the cluster of 
plots away from orthoclase apex. Any clear trends either calc-alkaline or gabbro-
trondhjemite (Arth et al., 1978) cannot be deciphered from the diagram. However in the 
haplogranite system of quartz-orthoclase-albite (Fig. 4.8b) all the gneisses plot between 
co-tectic 0.5 and 4 kb water vapour pressure, whereas the granitoids plot well beyond the 
range. This suggests that the magma for the granitoids was generated at a relatively 
greater depth under water deficient condition (it has been observed that at a pressure 
condition 6-8 kb corresponds to an aH2o = 0.3 while that of 1 kb pressure corresponds to 
an aH20 = 1 (Johannes and Holtz, 1990) and with ascent of magma the PH20 increased 
and finally emplaced at shallower depths under water saturated condition. The AFM 
diagram is most commonly used to distinguish the tholeiitic and calc-alkaline 
differentiation trends in the sub-alkaline magmatic rocks. Kuno (1968) and Irvine and 
Baragar (1971) presented discriminating curves separating the rocks of the calc-alkaline 
series and rocks of the tholeiitic series. Both the gneisses and granitoids of Bastar craton 
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Fig. 4.7. K- Na-Ca diagram of gneisses and granitoids of Bastar craton. 
For comparison gneisses occurring as enclaves are also shown (data 
after Sarkar, G. et al, 1993). Calc-alkaline (CA) and Trondhjemite (Tj) 
trends are after Barker and Arth (1976). 
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Fig. 4.8a. CIPW normative Q-Ab-Or plots for the gneisses and granitoids 
of Bastar craton.Trends: C-A, Calc-alkaline and Tj, trondhjemite are 
after Arthetal. (1978) 
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Fig. 4.8b. CIPW normative Q-Ab-Or plots of the gneisses and granitoids 
of Bastar craton. Co-tectic curves for the Q-Ab-Or-HjO system are from 
Tuttle and Bowen (1958). 
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plot within the calc-alkaline field (Fig. 4.3). Plots of the Bastar gneisses and granitoids 
within the calc-alkaline field are also evident from the K-Na-Ca diagram (Fig. 4.7) of 
Barker and Arth (1976) and quartz-albite-orthoclase (Fig.4.8a) and QAP diagram (Fig. 
3.2) where the granitoids and gneisses plot along the medium K2O and low K2O calc-
alkaline granodiorite trends respectively. 
Chappel and White (1974) proposed a genetic classification to define granites 
mainly into two types: I-type, extracted from igneous protoliths and S-type - extracted 
from sedimentary protoliths. Later this classification was expanded by adopting two more 
types: A-type- derived from dehydrated continental crust to include anorogenic alkali 
granites (Loiselle and Wones, 1979; Collins et al., 1982) and M-type - derived from 
melting of subducted oceanic crust or overlying mantle and includes plagio-granites 
(White, 1979; Pitcher, 1983; Whalen, 1985). Castro et al. (1991) proposed a revision of 
the granite type classification and tentatively suggested H (hybrid) type granite, which 
form by magma mixing process. H-type granites include most of the I-type and S-type 
granites of Chappel and White (1974) and can be distinguished by field, petrographic and 
geochemical evidences. In Si02 vs. Ce and Y and AI2O3 vs. Ga (after Collins et al., 1982) 
majority of the Bastar gneisses and granitoids samples plot in the I-type granite field, 
although it is equivocal in terms of Si02 vs. Zr and Si02 vs. Nb plots (Fig. 4.9). Both the 
gneisses and granitoids of Bastar craton plot in the combined field of I, S and M-type 
granite on Ga/Al vs. some major element ratios [FeO/MgO; K20/MgO; 
(Na20+K20)/CaO; Na20+K20] (Fig. 4.10) and Ga/Al vs. Zn, Y, Zr and Nb (Fig. 4.11) 
diagrams. 
Mafic Dykes 
The mafic dykes of Bastar craton exhibit a wide compositional range from 
basaltic to intermediate (Si02 = 48.04 to 56.58 wt.%), however majority of these are 
basahic in terms of Si02 and are sub-alkaline in terms of total alkalis (Fig. 4.12). A 
similar compositional range with a sub-alkaline nature is exhibited by these rocks, in 
terms of relatively less mobile incompatible trace element ratios of Nb/Y vs. Zr/Ti02 
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diagram (Fig. 4.13) of Winchester and Floyd (1977) with the exception of only two 
samples RB-4 and GD-32 that fall within the andesite field. The dykes are mostly quartz 
tholeiite with up to 13% quartz in the norm. On the compositional AFM diagram of 
Irvine and Baragar (1971), the dyke samples of Bastar craton plot within the tholeiitic 
field with an affinity towards the F (Iron apex) (Fig. 4.14). 
GEOCHEMICAL CHARACTERIZATION 
A. Major elemental characteristics 
Gneisses and Granitoids 
Appendix-I represents the major element abundances of the gneisses and 
granitoids of Bastar craton. The gneisses of Bastar craton are highly siliceous (71 < Si02 
< 75 wt.%) with SiOi content averages 71.5 wt.%. The AI2O3 contents of the gneisses (13 
< AI2O3 < 15 wt.%) averages 14 wt.%. Based on the AI2O3 contents at 70% Si02 Barker 
and Arth (1976) and Barker (1979) subdivided trondhjemites into two types: a low AI2O3 
type (AI2O3 < 15 vrt.%) and a high AI2O3 type (AI2O3 > 15 wl.%). For most of the 
gneisses of Bastar craton, the AI2O3 contents are <15wt.% at Si02 values of >70 wt.%. 
Thus the gneisses can be categorised as of low alumina trondhjemites of Barker and Arth 
(1976). The alkali contents of the gneisses are moderately low (6.92 < Na20 + K2O < 
9.22 wt.%) with an average of 7.73 wt.%. Modal composition indicates that they belong 
to a K20-poor Calc-alkaline suite, and this is corroborated by a low K20/Na20 ratio, 
which generally averages <1. The lime content of the gneisses (0.89 < CaO < 3.19 wt.%) 
shows very close variation around 1.53 wt.%. The molar alumina saturation index 
Al203/(CaO + Na20 + K2O) (A/CNK: Shand, 1927; Clarke, 1981) values for the gneisses 
range from 1.02 to 1.21 and thus the gneisses can be grouped as peraluminous. The 
gneisses are poor in ferro-magnesian content (Fe203 + MgO + Ti02 = 3.19 wt.%) and 
thus have low Mg number [100 x Mg^^(Mg^^ + Fe^^)] averaging 29. 
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Fig. 4,14. AFM diagram for the mafic dykes of Bastar craton. 
Fields are after Irvine and Baragar (1971). 
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The Si02 values of the granitoids of Bastar craton range from 65.5 wt.% to 75.6 
wt %. The AI2O3 content of the granitoids (12.45 < AI2O3 < 16.01 wt.%) averages 14.25 
wt.%. The lime content of the granitoids (0.65 < CaO< 6 wt.%) averages 2 wt.%) and the 
alkalies (5.66 < Na20 + K20< 10.6 wt.%) averages 7.9 wt.%). Modal compositions 
indicate that the granitoids belong to medium - K2O calc-alkaline suite, and this is 
corroborated by a relatively high ratio of K20/Na20 that averages >1. The molar alumina 
saturation index Al203/(CaO + Na20 + K2O) (A/CNK: Shand, 1927; Clarke, 1981) 
values for the granitoids range from 1.16 to 1.35. Thus the granitoids like the gneisses of 
the craton can also be categorised as peraluminous. The granitoids have relatively higher 
ferro-magnesian content (Fe203 + MgO + Ti02 range from 2 - 6 wt.%) than the gneisses 
and thus have relatively higher Mg number [100 x Mg^ '^ /(Mg^ "^  + Fe^ "^ )] averaging 32 
(gneisses having Mg number 29). 
All the major elements of the gneisses and granitoids are plotted against Si02 on 
the Marker's diagram (Figs. 4.1a,b). All the elements exhibit overall negative trends 
against Si02 except K2O, which show positive correlation. Although the plots show 
overall negative trends, but these are associated with considerable scattering of data. This 
may indicate the presence of some sort of chemical heterogeneity (sub-groups) within 
larger chemical groupings and it may partly be due to alteration effects. The observed 
negative trends of the elements (Figs. 4.1a,b) of both the gneisses and granitoids may be 
due to fractional crystallization of K-feldspar, plagioclase, biotite, ilmanite, apatite, rutile 
and other Fe-Ti oxides. 
Mafic Dykes 
Appendix-I represents the major element abundances of the mafic dykes of Bastar 
craton. Bastar mafic dykes (both dolerite and amphibolite in together) are in general 
characterized by high Fe203 and low MgO, Na20 and Ti02 contents. The dykes are silica 
saturated with quartz in the norm up to 18%. The Si02 content of the dykes ranges from 
4 8 - 5 1 wt.%. The total iron content of the mafic dykes are fairly high averaging 15 wt.% 
with amphibolites ranging from 13.75 - 15.11 wt.% and dolerites ranging from 8.49 -
54 
18.21 wt.%. MgO content of the amphiboUtes ranges from 6.68 - 8.28 wt.% and averages 
7.2 wt.% and that of dolerites ranges from 4.87 wt.% to 14.6 wt.% and averages 7.4 
wt.%. Mg number [100 x Mg^^(Mg^^ + Fe^*)] of both the groups of dykes clusters 
between 42 and 55. The Ti02 content of both the groups of the dykes are significantly 
low at <2.5 wt.%. The lime content of both the amphibolites and dolerites ranges from 
9.94 - 11.16 wt.% and from 8.89 - 6.18 wt.% respectively; while the alumina content of 
the amphibolites and dolerites ranges from 7.33 - 13.29 wt.%) and from 9.04 - 14.7 wt.% 
respectively. CaO/AbOa value of both the amphibolites and dolerites is always lower 
than that of chondrite (0.9). Both CaO and AI2O3 for the dolerite dykes show decreasing 
trends against Mg number plot (Fig. 4.15) but for the amphibolites, a well-defined 
positive relationship is observed between CaO and Mg number. T1O2 of the dolerites 
show a decreasing trend while that of amphibolites shows an increasing trend against Mg 
number [100 x Mg^ /^(Mg^^ + Fe^*)] plot (Fig. 4.15). The total alkali content of the 
dolerites range from 2.08 - 5.78 wt.%) which are higher than that of the amphibolites 
which clusters around 2.3 wt.%. Out of the dykes samples studied, BP-63 represents the 
most primitive composition with Mg number equals 67 and MgO content equals 15 wt.%; 
while GK-52 represents the most evolved one with Mg number 35 and MgO content is 
4.87 wt.%). Both the groups of dykes show the chemical signatures of parental magmas 
that have experienced some degrees of crystal fractionation of ferro-magnesian minerals. 
The fractionation trends are marked by increase of NaaO, K2O and P2O5 against 
increasing Zr (Fig. 4.4a,b) and decrease of CaO and AI2O3 against decreasing Mg number 
[100 X Mg^^Mg^^ + Fe^*)] (Fig- 4.15). These are consistent with the fractionation of 
olivine, clinopyroxene with or without chrome spinel. 
B. Trace elemental characteristics . >. V-T' f"<r\ n . 'x 
Gneisses and Granitoids '^ a.v/ ', t^^ 
Appendix 1 represents the trace element abundance of the gneisses and granitoids 
of Bastar craton. The Rb content of the Bastar gneisses ranges from 62 ppm to 264 ppm 
averaging 145 ppm. The Zr, Nb and Y content of the gneisses ranges from 116 - 427 
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ppm (averaging 221 ppm), 7 - 3 4 ppm (averaging 17 ppm) and 6-61 ppm (averaging 22 
ppm) respectively. Th content of the Bastar gneisses ranges from 4 - 1 2 9 ppm (averaging 
38 ppm) and U ranges from 2 - 1 7 ppm (averaging 7 ppm). The Sr content of the Bastar 
gneisses is highly variable ranging from 50 - 435 ppm averaging 227 ppm. The Ba 
content of the Bastar gneisses ranges from 75 - 1400 ppm and average 690 ppm. The 
enriched trace elemental characteristics of the Bastar gneisses are also reflected in a range 
of inter-elemental ratios. Rb/Sr, Sr/Y and Th/U values of the Bastar gneisses are observed 
showing variations between wider limits at 0.2 - 5.7 (average 1.2), 0.8 - 62 (average 18) 
and 1 - 23 (average 6) respectively. 
The trace elemental abundance of the granitoids of Bastar craton is observed more 
or less analogous to that of the gneisses of the craton. The Sr and Rb contents of the 
granitoids range from 47-813 ppm and 44 -384 ppm averaging 279 ppm and 165 ppm 
respectively. The Rb/Sr ratios of the granitoids vary fi-om 0.1 to 7.4 and averages 1.3. 
Because of the highly variable Y (ranging from 6-94 ppm: avearge-30 ppm) and Sr 
(ranging from 47-813 ppm, average 279 ppm) contents, SrA^ values of the granitoids is 
also observed varying widely between 0.5 - 45 and averages 16. Ba, Zr, Nb, Th and U 
contents of the granitoids varies between 4 7 - 8 1 3 ppm (average 279 ppm), 124 - 497 
ppm (average 273 ppm), 6 - 3 5 ppm (average 16 ppm), 8 - 7 6 ppm (average 35 ppm) and 
1 - 22 ppm (average 7 ppm) respectively. Th/U ratios of the granitoids range from 2 to 14 
and averages 6. 
Most of the trace elements of both the gneisses and granitoids plot with no 
definite trends against Si02 (Figs. 4.2a,b) except Rb, Th and U, which show positive 
correlation. Only Zr of both the rock suites shows negative trends against Si02 (Figs. 
4.2a,b). Thus it appears that the strong lithophile elements (Rb, Th, U etc.) show selective 
enrichment against Si02.The negative trend of Zr against Si02 can be attributed to the 
gradual removal of zircon from the crystallizing magma. The high field strength elements 
(HFSE) (e.g. Nb, Zr, and Y) plot scattered against Si02 as well as among themselves, so 
it is not because of Si mobility but probably heterogeneity. 
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Both the gneisses and granitoids are plotted in the element ratio vs. element 
concentration (Rb/Sr vs. Sr and Ba) diagrams (Fig. 4.16) of Langmuir et al. (1978). Both 
the rock suites show a linear negative variation trend. This can be attributed to the 
fractionation of K-feldspar and plagioclase. General fractional crystallization trends are 
shown in inset in the diagrams (Fig. 4.16). Both the rock suites also exhibit a negative 
correlation in the Rb/Sr vs. Ba diagram (Fig. 4.16), which is also consistent with K-
feldspar fractionation. 
Because of analogous incompatible trace elemental characteristics, both the 
gneisses and granitoids exhibit similar trends in the mantle normalized multi-element 
spidergrams (Fig. 4.17). The elements in the spidergram are arranged in the order of 
increasing incompatibility from right to left for a normal upper mantle spinel-peridotite 
mineral assemblage (Sun and McDonough, 1989) with high field strength elements on 
the right and large ion lithophile element (LILE) on the left of the diagram (Fig. 4.17). 
The elemental patterns for both the gneisses and granitoids show overall enriched 
characteristics with respect to the primitive mantle (PM) along with some inter-elemental 
variation (primitive mantle values are from Sun and McDonough, 1989) (Fig. 4.17). The 
LILE such as Rb, Ba, Th, U and K of the gneisses and granitoids exhibit enrichment, 
although Ba displays negative anomaly with respect to the neighbouring elements Rb and 
Th. The HFSEs display strong depletion at Ti and P and minor depletion at Nb. 
Simultaneously Zr and Y among the HFSE exhibit enrichment (Fig. 4.17). The depletion 
of Ti and P of both the rock suites can account for the retention of these elements by the 
refractory phases such as apatite, rutile and ilmanite at the site of partial melting. 
Chondrite normalized rare earth elements (REE) concentrations of the gneisses 
are variable (53<LaN<230, 5<YbN<14). The normalized patterns are moderately 
fractionated (LaN/Ybw = 7 - 46) and concave upward shape with curvature of the heavy 
REE position with variable (with positive, negative or even no) Eu anomaly (Fig. 4.18a). 
In comparison the chondrite normalized REE concentrations of the granitoids are less 
variable (202<LaN<270; ll<YbN<44) and thus exhibit flat trends (Law/YbN = 5 - 2 0 
times chondrite) with strong to insignificant Eu anomaly (0.08<Eu/Eu*<0.7) (Fig. 4.18b). 
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The sample RBI 1 with least slope (LaN/YbN = 5) has the strongest negative Eu anomaly 
[(Eu/Eu*) = 0.08] and the sample RB20 with maximum slope (Lan/YbN = 20 times 
chondrite has a insignificant Eu anomaly [Eu/Eu = 0.7]. 
Mafic Dykes 
The trace elemental abundance of the mafic dykes are represented in Appendix-I. 
The dolerite dykes are enriched in trace elemental abundance compared to those of the 
amphibolite dykes. Among the LILEs; Rb, Sr and Ba content of the dolerite dykes 
average 69 ppm, 226 ppm and 367 ppm while those of amphibolites average 24 ppm, 119 
ppm and 237 ppm respectively. Among the HFSEs Zr, Nb and Y content of the dolerites 
average 177 ppm, 14 ppm and 38 ppm respectively, which are higher than those of the 
amphibolite dykes having average concentrations of 72 ppm, 6 ppm and 25 ppm 
respectively. The Sr, Nb, Rb, Ba and Y contents of amphibolite dykes display increasing 
trends against increasing Zr (Fig. 4.4b) while the abimdance of these trace elements of 
dolerite dykes show invariant trends against Zr (Fig. 4.4b). Against Mg number Ni and 
Cr of both the dykes show positive relationship while Zr, Y, Nb and Ti of the dykes 
exhibit negative relationship. Among the inter-elemental ratios TiA^ and TxlX values of 
the amphibolite dykes are 89 and 3.2 respectively, while those of dolerite dykes the ratios 
are 54 and 5.2 respectively. 
The mantle normalized multi-elemental patterns of the amphibolite dykes exhibit 
a nearly flat less fractionated trend with a low LILE/HFSE ratio (Fig. 4.19). In contrast 
the dolerite dykes are characterized by both LILE and HFSE level of abundance elevated 
than primordial mantle, high LILE/HFSE ratios and moderately fractionated trends with 
strong negative anomalies at Nb, P and Ti (Fig. 4.19). The chondrite normalized REE 
patterns of the mafic dykes of Bastar craton exhibit enriched abundance of these elements 
relative to chondrite by more than 10 times over the entire range of Rare Earth Elements 
(Fig. 4.20). In between the groups, the dolerite dykes exhibit relatively higher levels of 
enrichment of the entire REE spectrum than does the amphibolites. The REE patterns of 
the amphibolites dykes are characterized by moderately fractionated trends (Law/Ybw = 
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1.2 to 4) with no Eu anomaly [Eu/Eu' ranges from 0.9 - 1 ] (Fig. 4.20). The dolerite dykes 
are in turn characterized by near flat trends (LaN/YbN = 1.8 - 1.9) with small Eu anomaly 
[Eu/Eu' = 0.7 -0.9] (Fig. 4.20). 
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CHAPTER - V 
TECTONIC SETTING 
TECTONIC SETTING 
Bastar craton, with rock suites of batholithic dimensions, in the heart of 
Central India, is very significant with regard to its tectonic evolution. There has not 
been any significant study on the tectonic evolution of the craton. In this chapter an 
attempt has been made to elucidate the tectonic environment of emplacement of the 
gneisses, granitoids and mafic dykes employing geochemical signatures. 
Gneisses and Granitoids 
Several attempts have been made to discriminate granitoids of different 
tectonic settings based mainly on some critical trace element abundances; because the 
major element concentration of granitoids from different tectonic environments are 
observed to exhibit gross similarities. Besides, the major elements being mobile, any 
inferences on the mode of emplacement of magma based on their concentrations may 
not be reliable. However, anorogenic, orogenic, syn-collisional and post-collisional 
granitoids probably cannot be distinguished in any straight forward basis based on 
their trace element chemistry either, because they share a common range of trace 
element concentrations. Since trace element discrimination diagrams more accurately 
reflect distinct chemical source reservoirs than tectonic setting characteristics (Pearce 
et al., 1984), therefore it is not surprising that the same source region might have been 
tapped during the evolving tectonic setting scenario. For instance present arc or syn-
collisional sources might have been tapped as "within plate" sources and may have 
become source for collision magmatism. However the compositional diversity of the 
granitoids of different tectonic settings is also not unexpected and as a result, a lot of 
empirical tectonic discrimination diagrams are drawn based on the study of the 
geochemical characteristics of rocks of known tectonic settings and later, these 
diagrams are extrapolated to understand the geodynamic environment for other suites 
(Pearce et al., 1984; Harris et al., 1986) and construct paleo-tectonic environment. 
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Pearce et al. (1984) have empirically drawn tectonic discrimination diagrams 
using some trace elements into four main groups: (i) Ocean ridge granite (ORG) -
associated with ophiolite or belongs to oceanic crust (ii) Volcanic arc granite (VAG) -
formed due to subduction of oceanic crust (iii) Within plate granite (WPG) -
anorogenic granite and (iv) Syn-collisional granite (syn-COLG) - evolved as a 
consequence of continent-continent, arc-continent or arc-arc collisions. Samples of 
the Bastar gneisses and granitoids were plotted on a number of tectonic discrimination 
diagrams (Figs. 5.1,2b) of Pearce et al. (1984) based on Rb vs. Y+Nb and Nb vs. Y. 
Majority of the samples plot in the Volcanic Arc Granite (VAG) field on these 
diagrams. On Si02 vs. Rb diagram of Pearce et al. (1984) (Fig. 5.2b), the granitoids 
and gneisses plot in the fields of Volcanic Arc Granite (VAG) and Syn-collisional 
granite (Syn-COLG). Harris et al. (1986) have recognized four groups of orogenic 
environment: (i) Pre-collision volcanic arc granitoids (VAG), termed Group-I 
intrusion, mostly derived from mantle, modified by subduction; (ii) Syn-collisional 
peraluminous intrusion referred to as Group-II intrusions; (iii) Late or post-collisional 
calc-alkaline intrusions, termed as Group III intrusions and (iv) Post-collision within-
plate intrusion or Group IV intrusion. On the SiOj vs. Rb/Zr diagram (Fig. 5.2a), 
which is an effective discriminant diagram separating volcanic arc granite and Group 
III granite from Group II granite. The Bastar gneisses and granitoids plot in the 
combined field of (Gr-I) VAG + (Group III) Post collisional calc-alkaline granites. 
The Zr vs. (Nb/Zr)N diagram (Fig. 5.3) was proposed by Thieblemont (1999) to 
discriminate the two types of calc-alkaline rocks namely an essentially 'mantle" type 
confined to subduction zone and a more ubiquitous crustal-contaminated Calc-
alkaline rocks. Both the gneisses and granitoids of Bastar craton plot within the fields 
of mantle type (A) and crustal type (B) calc-alkaline magmatic rocks (Fig. 5.3). Thus 
with a view to reconstruct the paleo-tectonic settings of the emplacements of the 
protoliths for the Bastar gneisses and the granitoids it appears that these rock suites 
were emplaced in an arc related magmatic setting. But the time spans between the 
ages of emplacement of the protoliths of gneisses (3.5 Ga) and the youngest granitoids 
emplaced (1.5 Ga) is of about 2000 Ma. Thus a single and uninterrupted subduction 
event may not account for the genesis of the protoliths of the gneisses and the granitic 
magma. However two distinct phases of subduction, one in Archaean and the other 
during Proterozoic seems probable for the genesis of the gneisses and granitoids. 
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Moreover the tectonic mode of subduction might have varied from Archaean to 
Proterozoic. The gneisses having low Mg # (29), Ni (12 ppm), Cr (273 ppm), Ba (690 
ppm), Sr (225 ppm) and P2O5 (0.08 wt.%) content reflects that the melts from the 
subducting slab might have risen off un-interacted with mantle wedge. A flat low 
angle subduction (under-thrusting of the oceanic crust) model of Smithies and 
Champion (2000), wherein melts from the subducting slab ascends without 
encountering the mantle wedge, seems the probable tectonic mode of subduction for 
the Bastar Archaean gneisses (Fig. 5.4). But the granitoids, having geochemical 
features typical of convergent margin magmatic setting are additionally characterized 
by average high Mg # (33), Ni (19 ppm), Cr (284 ppm), Sr (280 ppm), Ba (830 ppm), 
P2O5 (0.08 wt.%) and Zr (275 ppm). Such progressive increase in the elemental 
abundance in the granitoids can be explained in terms of melt-mantle interaction. The 
nearly flat REE patterns (LaN/Ybw = 5-20) (Fig. 4.18b) can be interpreted in terms of 
mantle wedge interaction with the melts released from the subducting slab. Thus the 
granitoids may probably implicate for a modern type subduction. 
Some contentions regarding the evolution of the craton during Archaean has 
arisen because there have been reported the occurrences of gneisses of 3.5Ga old 
within the craton by Sarkar, G. et al. (1993). These gneisses apparently seem quite 
older than the gneisses of our study and thus constitute a different suite of gneisses 
within the craton. These older gneisses are reported to occur as enclaves within 2400 
Ma old granitoids and have a very restricted spatial distribution in and around 
Markampara in southern Bastar. Sarkar, G. et al. (1993) have carried out geochemical 
and geochronological study on these older gneisses that occur as enclaves within the 
granitoids: (here termed as Gneiss-I). The basement gneisses (3.0 Ga old), which form 
the basement for the other suites of rocks of the craton, are termed as Gneiss-II. The 
Gneiss-II constitutes the subjects of our study. 
Gneiss-I and Gneiss-II of Bastar craton show uniformity up to a great degree 
in terms of major elemental geochemistry. The Gneiss-II are highly siliceous 
(71<Si02<75 wt.%) averaging 71.5 wt.% while Gneiss-I (69.01<SiO2<69.51 \vt.%) 
show consistent value around 69.14 wt.%. The AI2O3 abundance of the Gneiss-II 
(12.76 <Al203<15.44 wt.%) averages 14.26 wt.%), but for most of the rock samples 
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Fig. 5.4. Schematic representation of possible tectonic models for Bastar 
gneisses, granitoids and mafic dykes. 
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are <15 wt.% at Si02 > 70 vvi.%, a characteristics of the low alumina trondhjemites of 
Barker and Arth (1976). The Gneiss-I (14.67 <Al203<15.81 wt.%) have high AI2O3 
(>15 wt.%) at averaging 69.14 wt.% Si02 value and thus corresponds to the high 
alumina trondhjemites of Barker and Arth (1976). The molar alumina saturation index 
(A/CNK) values for both the Gneiss-II and Gneiss-I ranges from 1.02 to 1.21 and 
from 0.93 to 1.1 respectively and thus both the rock suites can be categorised as 
peraluminous. Both the gneissic suites are poor in ferro-magnesian content (Fe203' + 
MgO + Ti02 averages to about 3.19 wt.% for the Gneiss-II and 4.43 for the Gneiss-I) 
and thus have low Mg # (averages 29 for Gneiss-II and 27 for Gneiss-I). The 
normative An - Ab- Or diagram (O'Connor, 1965; Barker, 1979) (Fig. 4.6) displays 
the distribution of both the gneissic suites within the granodioritic domain. The calc-
alkaline character; typical of arc magmatic features, is well demonstrated in the K-Na-
Ca diagram (Fig. 4.7) of Barker and Arth (1976) where the gneisses of both the 
varieties plot along the calc-alkaline differentiation trend. 
Like the major elements, both the Gneiss-I and Gneiss-II show analogous trace 
elemental abundance. Rb/Sr values of the Gneiss-I averages 0.2 while that of Gneiss-
II averages 0.9. Both the values are less than the typical island arc rock values (1.0). 
These geochemical features coupled with average concentration of Y (32 ppm), Nb 
(17 ppm), Th (31 ppm), Yb (1.5 ppm), Sm (4.3 ppm) and Nd (22.5 ppm) of the Bastar 
gneisses indicate volcanic arc tectonic setting for the protoliths of the gneisses. The Sr 
content of the Gneiss-II averages 230 ppm while that of Gneiss-I averages 300 ppm. 
The values are slightly lower than the typical Archaean TTG value of 454 ppm 
(Martin, 1994). In the Rb vs. (Y+Nb) diagram (Fig. 5.1) of Pearce et al. (1984), the 
samples plot within the volcanic arc granite (VAG) field indicating that the protoliths 
of the gneisses might have emplaced in an arc related magmatic setting. The multi-
elemental patterns of Gneiss-II (Fig. 4.17a) depict enriched LILE with strong 
depletions at P and Ti. The chondrite normalized REE patterns for the Gneiss-II are 
moderately fractionated (LaKA'bN = 8 - 51) but are highly fractionated (LasA^bs = 60 
- 83) for the Gneiss-I (Fig. 4.18a). The patterns also exhibit HREE depletion and a 
concave curvature at the HREE ends. All these geochemical features are typical of 
volcanic arc magmatic characteristics and thus invoke subduction mechanism(s) for 
the petrogenesis of both the gneissic suites of the craton. 
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Mafic Dykes 
Based on major and trace element abundance and ratios of modern basaltic 
rocks many tectonomagmatic geochemical discriminant diagrams have been proposed 
(e.g. Pearce, 1982, 1983; Pearce and Norry, 1979; Pearce and Cann, 1973; Wood et 
al., 1979; Pearce et al., 1984). These discriminant diagrams are now being widely 
used in paleo-tectonic reconstruction. But it has been observed that most of the 
diagrams are not very useful to discriminate continental basalt, from oceanic basalt; 
the majority of the data on continental basalts plot in every fields except within plate 
basalt field. Because the data on continental basalt do plot in other fields such as 
MORB and arc basalts, the discriminating ability of these diagrams is impaired, but 
still many workers use these diagrams. Pearce and Norry (1979) found that the ratio 
ZrlY plotted against the fractionation index Zr proved an effective discriminant 
between basalts from ocean island arcs, MORB and within plate basalts (WPB) (Fig. 
5.5). These diagrams are widely used by many geologists since these were 
propounded. However Pearce (1983) used the same elements and same units to 
separate continental arc basalts but it was observed that the continental arc basalts 
covers every field (viz. WPB, MORB as well as CAB) in the ZrA' vs. Zr diagram of 
Pearce and Norry (1979) (Fig. 5.5). Mondal and Ahmad (2001) have plotted many 
well-studied CFB and continental dykes on this diagram. Data for these widely spaced 
continental suites plot overlapping all the fields outlined for ARC, MORB and WPB 
(Pearce and Norry, 1979). Plot of present Bastar data in this diagram (ZrA' vs. Zr, 
Fig. 5.5) overlap the CFB, continental dykes outlined by Mondal and Ahmad (2001), 
however individually the amphibolite dykes are observed plotted in the MORB and 
the dolerite dykes are observed plotted in the WPB field for Pearce and Norry (1979) 
probably indicating slightly different but enriched source characteristics for both these 
suites. 
To study the Tethyan ophiolites, Pearce (1980) used the Ti vs. Zr diagram (Fig. 
5.6). The diagram contains the fields of volcanic arc basalts, within plate basalts and 
the MORB field straddling on both volcanic arc and within plate basalt field (Fig.5.6). 
It was found that more than half of the northern Italy (Corsica) ophiolite lavas and all 
intermediate acid-lavas of the Tethyan amphibolites fall in the "within plate basalt" 
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Himalaya are after Mondal and Ahmad (2001) and the references therein. 
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et al.(1996) and Dyke-III are from Asthana et al. (1996). 
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field. This diagram has failed to discriminate the continental basalts from the oceanic 
basalts. The amphibolite dykes of the Bastar craton plot in the MORB and dolerite 
dykes plot within WPB field of the diagram (Fig. 5.6) as also observed in the previous 
diagram ZvlY vs. Zr (Fig. 5.6). 
The low concentration of Cr in volcanic rocks compared to other basalt type 
has been used in a number of discrimination diagrams to characterize volcanic arc 
basalts. Cr is compatible in ferromagnesian minerals viz. olivine, orthopyroxene and 
clinopyroxene and the spinels in a basaltic melt. The low levels of Cr in volcanic arc 
rocks therefore is either a function of a different degrees of partial melting of mantle 
sources compared to those of MORB and/or a different fractionation history .Y is also 
depleted in island arc basalts relative to other b£isalt types for a given degree of 
fractionation. Thus a Cr vs. Y plot (Fig. 5.7) of Gale and Pearce (1982) discriminates 
effectively between MORB and volcanic arc basalts with a small amount of overlap 
between the two fields. Within plate basalts on the other hand, overlap the fields of 
MORB and volcanic arc basalts. Mondal and Ahmad (2001) have plotted various 
CFB and dykes in this diagram and it was observed that most of these overlap the 
fields of MORB and WPB in the Cr vs. Y plot of Gale and Pearce (1982) (Fig. 5.7) 
(as also observed for Zrf\ vs. Zr diagram). The amphibolite dykes of Bastar craton 
plot within the MORB field while dolerite dykes plot within the WPB field (Fig. 5.7) 
although plotting in the field outlined for the CFB and continental dykes by Mondal 
and Ahmad (2001). 
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al. (1996). Field of Proterozoic dykes and flows from the Indian shield and 
Lesser Himalaya are after Mondal and Ahmad (2001). 
and the references therein. 
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CHAPTER - VI 
PETROGENESIS 
PETROGENESIS 
Gneisses and Granitoids 
To understand the petrogenesis of the gneisses and granitoids of Bastar craton it 
becomes important to analyse the role of fractional crystallization, assimilation fractional 
crystallization (AFC), crustal contamination and partial melting processes, as these are 
the potential processes for magma differentiation processes of acidic rocks. Almost all 
the elements of gneisses and granitoids of Bastar craton show negative correlation with 
Si02 except for K2O, Rb, Th and U which show positive correlation (Figs.4.1,2) in the 
Harker's variation diagram. The trace elements of the Bastar gneisses and granitoids 
show slight scattering compared to the major elements on the Harker's variation diagram 
(Fig. 4.2). The observed trends for both the rock suites indicate fractional crystallization 
of K-feldspars, plagioclase, biotite, ilmanite, apatite, rutile and other Fe-Ti oxides from 
the respective mehs of Bastar gneisses and granitoids. On the element ratio vs. element 
(Rb/Sr vs. Sr) diagram of Langmuir et al. (1978) the gneisses and granitoids of Bastar 
craton plot with a linear negative variation trend (Fig. 4.16). This can be attributed to the 
fractionation of plagioclase and K-feldspars from the respective melts. As plagioclase 
depletes the melts in Sr (Kdsr of plagioclase = 4.4: Hanson, 1978), so the fractionation of 
plagioclase helps increasing the ratio in the melt (Hanson, 1978). Also fractionation of K-
feldspars decreases Rb concentration (Hanson, 1978). Hence both the fractionation of K-
feldspars and plagioclase may have control on Rb/Sr ratios. The depletionary trends at 
Ba, Sr, P, Ti and Nb in the spidergram (Fig. 4.17) also bear the evidence. The role of 
fractional crystallization of a mafic magma during Archaean, in producing trondhjemitic, 
calcalkaline and granodioritic magmas is considered to be minor due to paucity of 
intermediate crystallization products such as diorites and andesites (Arth, 1979; Glikson, 
1978). Spulber and Rutherford (1983) ftirther observed that a 90% fractional 
crystallization of tholeiitic magma is required to produce silica enriched residual melts. In 
Bastar craton, no such large bodies of cumulate phases are observed by us nor reported 
by earlier workers. Thus fractional crystallization of a basaltic source in alone seems to 
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be a quite inefficient mechanism to ciiaracterize the petrogenesis of the Archaean 
volumetric calc-alkaUne felsic rocks (Green and Ringwood, 1978) including the Bastar 
craton. However a combination of fractional crystallization and crustal contamination 
processes may explain generation of a greater volume of calcalkaline and granodioritic 
magmas. The relative enrichment trends of the incompatible elements like Rb, Th and U 
in the multi-element spidergram for the Bastar gneisses and granitoids (Fig. 4.17) indicate 
some influence of assimilation fractional crystallization mechanism. Moreover such 
enrichments can also be ascribed due to addition from subduction zone components 
(Saunders et al., 1980) and possible sediment incorporation into the mantle as suggested 
for Bundelkhand dykes by Mondal and Ahmad (2001). 
The primordial mantle normalized multi-elemental patterns for both the gneisses 
and granitoids show marked enrichment in the LILE with enriched abundance in Rb, Th 
and U (Fig. 4.17). The patterns simultaneously display lesser abundance of HFSE with 
strong negative anomalies at Ba, P and Ti. Such incompatible elemental patterns 
displayed in the spidergrams (Fig. 4.17) may be explained by magmatism in a subduction 
zone environment (Peacock, 1990; Saunders et al., 1991; Hawkesworth, 1994). 
Dehydration of the subducting slab permits the LILE (but not HFSE) to be transported 
from the slab to the mantle wedge and hence, producing the required fractionation of 
LILE from HFSE (Tatsumi et al., 1986; Saunders et al., 1991), whereas the melting of the 
subducting slab will not fractionate the LILE from the HFSE unless minor phases like 
rutile, titanite, alanite, phlogopite, hornblende etc. are present in the residual phases 
(Tatsumi et al., 1986; Saunders et al., 1991). The selective depletion of P and Ti in the 
gneisses (Fig. 4.17) indicates that one or more mineral phases removed Ti and P 
selectively without causing larger depletion in other HFSE. Although Ti and P are the 
principal constituents of rutile and apatite, but at high pressures both Ti and P may have 
enhanced solubility in garnet (Saunders et al., 1991). The garnet retained at the site of 
partial melting can also act as a repository for Ti and P and can explain the depleted 
nature of the elements. The partition coefficient data from Pearce and Norry (1979) 
indicate that for a melt composition between 60 and 70 wt.% Si02, hornblende does have 
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a strong affinity for Ti (Kdii = 3-4) and thus retention of hornblende can also account for 
the depleted nature of Ti. 
To understand the degrees of partial melting and to constrain the source 
characteristics, the gneisses and granitoids are plotted on the Sr/Y vs. Y diagram (Fig. 
6.1). Four melting curves are m.odeled presuming different sources like an average mid-
oceanic ridge basalt (MORB) and an Archaean mafic composite (AMC) computed from 
Archaean basaltic and komatitic basalt following Drummond and Defant (1990) and are 
superimposed on the diagram. Most of the gneisses and granitoids samples of Bastar 
craton plot along the partial melting curve-II corresponding to partial melting of an 
average MORB leaving a 10% garnet amphibolite restite (Fig. 6.1). This interpretation is 
also supported by the multielemental plot and the REE patterns (Figs. 4.17,18) for the 
gneisses and granitoids. Thus it can be proposed that an Archaean oceanic slab while 
subducting might have undergone higher degrees of partial melting to generate the 
precursor melts for the Bastar gneisses. Similar mechanism can also be proposed for the 
generation of the granitic melts but at a later stage during Proterozoic . 
The REE patterns of the gneisses are characterized by moderately fractionated 
(Law/YbN = 8 -51) trends, HREE depletion and concave upward shape with curvature of 
the HREE ends along with both positive and negative Eu anomalies (Fig. 4.18a). Such 
REE patterns are similar to those of various Archaean silicic gneisses from around the 
world, which were explained by vaiious workers (e.g. Martin, 1986, 1993, 1994; Mondal, 
1995; Mondal and Zainuddin, 1996; Sharma and Rahman, 1995) in terms of subduction 
zone magmatism. Partial melting of an Archaean mafic source (amphibolite and/or 
eclogite) with hornblende and/or garnet in the residuum can result in depletion of the 
heavy rare earth elements. Fractional crystallization of hornblende and plagioclase can 
account for the positive and negative Eu anomaly. The subduction mechanisms 
responsible for the generation of the melts for the protoliths of the Bastar gneisses could 
have been different from the modern type subduction with a thick mantle wedge above 
the subducting slab. The average lower values of Mg # (29) and average lower level of 
abundances of a few trace elements (Ni, 12 ppm; Cr, 273 ppm; Ba, 690 ppm; Sr, 225 
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ppm) accords with the proposition and thus indicates that that melts from the subducting 
slab had risen without encountering the mantle wedge. 
Sarkar, G. et al (1993) have carried out geochemical and geochronological studies 
on an older variety of gneisses (3.5 Ga) that occur mostly as enclaves within the 
granitoids. In our study we have termed these gneisses as Gneiss-I and the gneisses, 
which are most extensive and form the basement of the other suites of rocks are termed as 
Gneiss-II. Gneiss-II constitutes the subject of our study. To understand the petrogenesis 
of Gneiss-I we have compared the published data of Sarkar, G. et al. (1993) on Gneiss-I 
with our data on Gneiss-II. In the K-Na-Ca diagram of Barker and Arth (1976) the 
Gneiss-I values plot similar with Gneiss-II values along calcalkaline curve (Fig. 4.7). In 
the chondrite normalized REE patterns of three Gneiss-I samples is plotted with Gneiss-II 
(Fig. 4.18a). Gneiss-I shows similar REE patterns to those of Gneiss-II with moderately 
fractionated pattern, concave upward shape with curvature of the HREE ends and 
negative Eu anomaly (Fig. 4.18a). In the Sr/Y vs. Y diagram, Gneiss-I also plot similar to 
those of Gneiss-II along the partial melting curve-II (Fig. 6.1), which is representative of 
partial melting of MORB leaving 10% garnet amphibolite restite. It is proposed that 
Gneiss-I shares similar petrogenetic history to those of Gneiss-II and invoke subduction 
mechanism(s) for their petrogenesis. Thus we conclude that the gneisses (Gneiss-I) 
occurring as enclaves within granitoids and the gneisses (Gneiss-II) extensively occurring 
as outcrops and form the basement for younger rocks belong to same rock type. The 
difference in their ages may be due to different geochronometers used for their dating 
(Hussain et al., in press). 
The REE patterns of the granitoids exhibit a little deviation from the overall REE 
pattern of the gneisses. The granitoids show slightly flat trends (Law/YbN = 5 - 2 0 ) than 
do the gneisses (Law/Ybw = 8 - 5 1 ) (Fig. 4.18b). The granitoids also exhibit strong to 
insignificant negative Eu anomaly (Fig. 4.18b). The flat REE patterns (Law/YbN = 5 -
20) of the granitoids can be due to the interaction between the melts rising from the 
subducting slab and the overlying mantle wedge. This interpretation is also supported by 
the average higher Mg # (33) and average higher level of abundance of some of the trace 
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elements viz. (Ni, 19 ppm; Cr, 284 ppm; Sr, 280 ppm; Ba, 830 ppm and Zr 275 ppm). 
The samples with least slope (Las/Ybw = 5) have the strongest negative Eu anomaly and 
the samples with maximum slope (LaN/YbN = 20) have an insignificant Eu anomaly (Fig. 
4.18b). This establishes a relationship between LaN/Ybnand the size of the Eu anomaly in 
the granitoids. 
The convergent plate margin magmatic setting for the gneisses and granitoids of 
the Bastar craton is also established in the Rb vs. (Y + Nb) and Nb vs. Y diagrams of 
Pearce et al. (1984), where the samples plot within the volcanic arc granite (VAG) field 
with only a few samples of both gneisses and granitoids plotting on the within plate 
granite (WPG) field (Fig. 5.1). This indicates that the granitoids and the protoliths of the 
gneisses could have emplaced in an arc related magmatic setting and thus invoke a 
subduction processes in Proterozoic and Archaean respectively (Hussain et al., in press). 
Mafic Dykes 
Both major and trace elements vary significantly in each individual dyke samples 
and also within each group of dykes. Some distinct trends have been noted in the 
variation diagrams, ratio-ratio plots, and also in the multi-elemental spidergram (Figs. 
4.4,5,15,19). These trends were either likely to be results of the individual processes like 
fractional crystallisation, crustal contamination, partial melting, mantle metasomatism or 
a combined effect of these processes. 
A. Crustal Contamination 
The nature and composition of the crust beneath the Bastar craton is not yet 
constrained. The basement rocks consist of granite gneisses, which are exposed quite 
ubiquitous throughout the craton. For comparison and to check for the possibility of any 
contamination at crustal level, the mantle normalized data of the hosts gneisses and 
granitoids are plotted in the spidergram (Fig. 4. 19). Both the hosts share similar patterns 
and similar level of enrichment for individual element. These are enriched in both large 
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ion lithophile elements (LILE) and high field strength elements (HFSE) compared to 
primordial mantle (PM) except for Ti along with a high LILE/HFSE ratios. The patterns 
have distinct P and Ti negative anomalies. In contrast, the amphibolite group of dykes 
show a nearly flat less fractionated trend with a low LILE/HFSE ratio (Fig. 4.19), while 
the dolerite dykes exhibit a moderately fractionated pattern with distinct Sr and Ti 
anomalies (Fig. 4.19). Moreover, the level of enrichment of Ti and P contents of the 
amphibolite group of dykes are higher than those in the host gneisses and granitoids. 
Thus considering the whole set of data it becomes apparent that the geochemical 
signatures of the amphibolites and dolerite group of dykes are not much affected by 
crustal contamination. Their geochemical characteristics represent source characteristics 
or contamination of crustal material at mantle level. 
B. Fractional crystallization 
Both major and trace element data are sensitive to the effects of fractional 
crystallization (Cox et al., 1979). Bastar mafic dykes are characterized by high Fe203', 
low MgO, SiOi, Na20 and TiO?,. These geochemical features point towards fractional 
crystallization of some of the mineral phases. At low pressures, fractional crystallization 
involving olivine, plagioclase and pyroxene of tholeiitic magma generally results in Fe 
enrichment (Irvine and Baragar, 1971). Increase in Fe concentration also results from 
fractional crystallization of magnesian olivine at high pressure (Hergt et al., 1991). As 
most of our samples have Si02 of about 48 - 50 wt.%, the fractionation of olivine should 
not exceed 35% because it will lead to an increase in the Si02 by more than 5 wt.% from 
typical basaltic Si02 value of 48 wt.%o (Hergt et al., 1991). The mafic dyke samples 
described here were selected from widely spaced locations within Bastar craton; the 
extent and role of fractional crystallization cannot be comprehended in detail. 
Nevertheless the data exhibit some variation trends, which can be interpreted in terms of 
fractional crystallization (Figs. 4.15, 9,20). Both CaO and AI2O3 for the dolerites show a 
decreasing trend against Mg # plot, but for the amphibolites, a well-defined positi\e 
relationship is observed between CaO and Mg # (Fig.4.15). CaO/AbOa of both the 
amphibolites and dolerites is always lower than that of chondrite (0.9). These features 
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account for clinopyroxene, olivine ± plagioclase fractionation for the amphibolite dykes 
in particular. Ni and Cr show positive relationship with Mg # (Fig. 4.15). The most 
primitive dolerite sample (BP-63: Mg # 67) does contain Cr -1800 ppm and Ni -420 
ppm. In other samples, the concentrations of these elements Ni (45 - 135 ppm) and Cr 
(190 - 440 ppm) indicating fractional crystallization involving ferromagnesian phases 
(olivine + pyroxene ± plagioclase) as suggested based on CaO - Mg # relationship. The 
decrease of Ti02 with increasing Zr (Fig. 4.4a) indicates titanomagnetite also participated 
as a fractionating phase. Fractionation of clinopyroxene and amphibole generally results 
in increase of Zr contents and also a simultaneous increase in Zr/Y values (Floyd, 1993). 
The Bastar mafic dykes show a good positive correlation between Zr/Y and Zr (Fig. 6.2) 
indicating fractionation of clinopyroxene and amphibole, however the same trend can 
also be produced by decreasing degrees of partial melting. Negative anomalies of Sr in 
the multi elemental spidergram for the dykes (Fig. 4.19) and negative anomalies at Eu in 
the REE plot (Fig. 4.20) of the dolerite dykes also indicate plagioclase fractionation. 
C. Partial Melting 
In addition to the effects of fractional crystallisation and crustal contamination, 
major and trace elements, in particular incompatible trace elements, are also sensitive to 
the effects of partial melting and can be used to constrain the nature of the melting regime 
(Hergt et al., 1991). It has been observed that melting under hydrous condition generally 
lowers the Fe203' abundance and simultaneously increases the Si02 contents (Hergt et al., 
1991; Huang et al., 2000). About 30% melting of an anhydrous pyrolite at 10 kb pressure 
may result in 9.3 wt.% total Fe compared to hydrous pyrolite which can result in 7.3 
wt.% only (Hergt et al., 1991). The very high Fe contents (average 15 wt.%) of the Bastar 
mafic dykes indicate that the melts for the dykes might have been generated under 
anhydrous conditions of melting of a depleted mantle and/or melting of Fe-enriched 
mantle sources and/or highly fractionated nature of these basalts. The last option is 
unlikely as the Si02 variation is restricted to about 49 - 50 wt.%. Using the experimental 
results of Takahashi and Kushiro (1983), Hirose and Kushiro (1993), Jaques and Green 
(1980) involving major elemental abundance, Huang et al. (2000) have constrained the 
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Fig. 6.2. Binary plot of ZrAf vs. Zr for the mafic dykes of Bastar craton. 
Melting curves (I and II) are after Drury (1983) and vectors for fractional 
crystallization are after Floyd (1993). Data sources for Dyke -I are from 
Srivastava et al. (1996), Dyke-II are from Neogi et al. (1996) and Dyke-III 
are from Asthana et al. (1995). 
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depth of melting; pressure and temperature regimes and volatile contents of the source 
magmas of the Northland-Auckland basaltic volcanics. They have used FeO*, MgO and 
SiOi abundance against Mg # and extrapolated the level of abundances of the elemental 
oxides up to Mg # 70 which might reasonably be assumed in equilibrium with upper 
mantle peridotite to assess the depth of occurrence of the source magmas. The Si02 at 
Mg# 70 is calculated to be lower in the amphibolite group of dykes (Fig. 6.3) than do the 
dolerite group of dykes. The FeO* content provide better constraints on the depth of melt 
generation (Huang et al., 2000). The amphibolites have 11-12 wt.% FeO* when 
extrapolated to Mg # 70 (Fig. 6.3) that corresponds to meh generation over a 100-130 km 
depth of melting. As compared the extrapolated FeO* contents of the dolerite group of 
dykes are calculated around 8 wt.% which is consistent with -50 Km of depth of melting 
(Hirose and Kushiro, 1993) (Fig. 6.3). The effects of partial melting are well documented 
in the Zr/Y vs. Zr diagram (Fig. 6.2) Ahmad et al. (1999) used this diagram to constrain 
the effects of partial melting of the mafic magmatic rocks of western Himalaya, India. 
Two calculated partial melting curves (after Drury, 1983) corresponding to two sets of 
source mineralogy (curve I: olivine 60% + orthopyroxene 20% + clinopyroxene 10% + 
plagioclase 10%); curve II: olivine 60% + orthopyroxene 20%) + clinopyroxene 10% + 
garnet 10%) for Archaean mantle source (Sun and Nesbitt, 1977) v/ere drawn in the 
diagram (Fig. 6.2). Like some of the Himalayan mafics of Ahmad et al. (1999) all the 
Bastar mafic dykes plot along curve I in the diagram (Fig. 6.2). Thus it indicates a 
moderate to low degrees of partial melting of garnet free mantle sources. However, the 
plot of the amphibolite dykes between the two melting curves indicates their generation 
from greater depths implying possibility of presence of garnet in their source region 
compared to the dolerites. This inference is consistent with our interpretation based on 
MgO and FeO* (Fig. 6.2). 
Implication for Mantle Processes 
The various tectonomagmatic environments of basaltic rocks in the tectonic 
discrimination diagram always overlap some portion of the fields of other tectonic setting 
and as a result, interpretation becomes more misleading and ambiguous. This is because 
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The amphibolites have the higher extrapolated MgO and FeO' contents 
at Mg # 70 indicating they were derived from deeper and hotter mantle 
region. The dolerites have much lower extrapolated FeO' and MgO at 
Mg # 70. These are interpreted in terms of partial melting at shallower 
depths and lower temperature on the basis of the experimental work of 
Jaques and Green (1980); Takahashi and Kushiro (1983) and Hirose and 
Kushiro (1993). Symbols: + Amphibolite, # Dolerite. 
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of a common range of trace elemental abundance in the basaltic rocks of different 
tectonic setting. Bastar amphibolites and dolerite group of dykes plot separately within 
the field outlined for different continental volcanics and mafic dykes of the central and 
Western Indian Shield and those from the Himalayas (adopted from Mondal and Ahmad, 
2001) (Figs. 5.5,7). These fields do overlap on the fields outlined for within plate basalt 
(WPB) and mid-oceanic ridge basalt (MORE) in the Cr vs. Y diagram (Fig. 57) of Gale 
and Pearce (1982); Zr/Y vs. Zr diagram of Pearce and Norry (1979) (Fig. 5.5) and Ti vs. 
Zr diagram of Pearce (1980) (Fig. 5.6). Possibility of coeval dykes having somewhat 
different chemical signatures within a single craton probably indicate that the amphibolite 
and dolerite dykes represent different magmatic events and/or they have distinct source 
characteristics and/or were derived from different P-T conditions within the mantle 
source(s) and/or a combination of these factors. The multi element patterns for the 
amphibolite and dolerite dykes show enrichment of LILE and negative anomalies for Nb, 
P and Ti, although the dolerite samples have slightly higher enrichment of the LILE than 
the amphibolite (Fig. 4.19). The observed difference is also depicted by the REE patterns 
(Fig. 4. 20). 
The chondrite normalized rare earth element (REE) patterns (Fig. 4.20) of 
representative dykes of Bastar craton exhibit enriched abundance of the rare earth 
elements relative to chondrite by more than 10 times over the entire range of rare earth 
elements (REE). Within the groups the dolerites exhibit relatively higher level of 
enrichment of the entire REE spectrum than do the amphibolites. The dolerites are also 
characterized by a small negative anomaly at Eu indicating plagioclase fractionation. 
Lower abundances of La than Ce in the diagram (Fig. 4.20) is probably because of 
analytical uncertainties. The multi elemental spidergrams and the REE pattern of the 
Bastar mafic dykes thus indicate that the melts for both the groups of dykes might have 
been derived from slightly different mantle sources or they represent slightly different 
degrees of melting. Srivastava et al. (1996) have suggested that the amphibolite dykes 
fractionate from relatively high Mg, low Ti olivine tholeiitic magma while the dolerite 
dykes were derived from a low Mg, high Ti quartz tholeiitic magma. 
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In the Ti/Y vs. Rb/Ba diagram (Fig. 6.4) both the groups of dykes of the craton plot with 
low and restricted values of Ti/Y against high and variable values of Rb/Ba. Zr. Ti and Y 
being relatively less incompatible elements are retained in refractory phases during 
partial melting than do highly incompatible elements like Rb and Ba which are readily 
released into the melt phase. As a result, Zr, Ti and Y bear similar level of abundances in 
both mantle and crustal derived mehs. Hence it is much more difficult to modify the level 
of abundance of these less incompatible elements (Zr, Ti and Y) by the assimilation of 
crustal materials and therefore, to modify the values of inter elemental ratios like Ti/Y, 
Ti/Zr and Zr/Y. But crustal materials being highly enriched in highly incompatible 
elements (few hundred times than PM), thus assimilation of the crustal materials by 
mantle derived melts are likely to modify the level of abundance of these incompatible 
elements (like Rb, Ba) in the melts. 
The bulk partition coefficient of Ti and Y during partial melting at mantle 
conditions, especially when garnet is a residual phase are in the following order: 
Dzr<DT,<DY (Pearce and Norry, 1979). Thus the residue (having garnet as a phase in 
which Y is strongly partitioned) of the N-MORB source would have much lower Ti/Y 
value compared to the original source (Hergt et al., 1989). Subsequently on re-melting, 
such residual sources would yield extremely low Ti/Y values compared to MORB. The 
low and variable Ti/Y might also be because of the influence of Ti- bearing phases (e.g. 
rutile, ilmanite) in the residue. These minerals have a great range of stability under 
mantle meUing conditions (Saunders et al., 1980; Brenan et al., 1994) that might have 
partitioned Ti in addition to the influence of garnet collectively resulting in severe 
reduction of the element in the melt. This is also evident from strong negative anomalies 
of Ti in the multi-element plot (Fig. 4.19).The influence of mantle processes in modifying 
the abundance of highly incompatible trace elements such as Rb and Ba etc. and their 
ratios like Rb/Ba etc. is quite negligible compared to the influence of crustal material. 
The observed higher values of Rb/Ba in the Ti'Y vs. Rb/Ba ratio-ratio plot (Fig. 6.4) of 
the Bastar mafic dykes thus indicates either the influence of crustal material or an 
inherited enriched mantle characteristics. Bastar mafic dykes samples plot around low Ti 
continental flood basalt CFB field of Hergt et al. (1991) and encompass the larger sub-
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Fig. 6.4. TiAf vs. Rb/Ba ratio ratio plot for Bastar mafic dykes. 
Values for N-type MORB (N-MORB) and primordial mantle (PM) 
after Sun and McDonough (1989); Archaean shale (Arch. Sh.) after 
McLennan et al. (1983) and post Archean terrestrial shale (PATS) 
after Taylor and McLennan (1985). Low Ti continental flood basalt 
(CFB) field is after Hergt et al. (1991).Data sources ft)r Dyke-I are 
from Srivastava et al. (1996); Dyke-II are from Neogi et al. (1996) 
and Dyke-III are from Asthana et al. (1996). The field for Bundelkhand 
mafic dyke is after Mondal and Ahmad (2001). 
94 
groupings of Bundelkhand mafic dykes of Mondal and Ahmad (2001) (Fig. 6.4). One 
sample GD-32 shows very low Ti/Y value because of extremely low TiOi (TiOj = 0.37 
wt.%) content. The mass balance arguments of Hergt et al. (1991) states that the low trace 
element concentration of mantle source region can be more affected by the introduction 
of crustal materials into the mantle source than by crustal level contamination. They have 
calculated that less than I/IO"^ of a given volume of crustal material is required to be 
incorporated into the mantle sources to achieve a comparable shift in trace element 
abundance compared to crustal contamination by that volume of the crustal material. 
Thus it can be inferred that the crustal signature of the dykes may be due to introduction 
of sediments into the mantle. Both the amphibolite and dolerite group of dykes of the 
Bastar craton do show a good positive correlation in the Ti/Y vs. Ti/Zr diagram (Fig. 
6.5). The dolerites have comparatively low TiA" and low Ti/Zr values plotting around the 
low Ti CFB fields of Hergt et al. (1991) and also around the field of larger sub-groupings 
of Bundelkhand mafic dykes of Mondal and Ahmad (2001) (Fig. 6.5); while the 
amphibolite dykes have relatively higher Ti/Y and high Ti/Zr and thus plot closer to N-
MORB and PM values compared to the dolerites (Fig. 6.5). 
The low Ti/Y and Ti/Zr values for the dolerite dykes and its plotting around low 
Ti CFB of Hergt et al. (1991) may suggest sediment incorporation into the mantle as 
suggested for the low Ti CFB by Hergt et al. (1991) and for Bundelkhand dykes by 
Mondal and Ahmad (2001) in the neighbouring area. In contrast, the high Ti/Y and Ti/Zr 
values for the amphibolites and their plot around N-MORB and PM (Fig. 6.5), thus may 
indicate more influence of garnet in the sources implying deeper levels of mantle sources. 
This is consistent with the observation based on major elemental plot of MgO, FeO* and 
Si02 against the Mg # of the mafic dykes (Fig. 6.3) of the Bastar craton and their 
extrapolation up to Mg # 70 indicate a deeper mantle source region (100-130 km) for the 
amphibolite than a shallower mantle source region (~ 50 km) for the dolerite dykes. 
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Fig. 6.5. TiAf vs. Ti/Zr ratio ratio plot for Bastar mafic dykes. Values for 
N-type MORB (N-MORB) and primordial mantle (PM) after Sun and 
McDonough (1989); Archaean shale (Arch. Sh.) after McLennan et al. 
(1983) and post Archean terrestrial shale (PATS) after Taylor and 
McLeiman (1985). Low Ti continental flood basalt (CFB) field is after 
Hergt et al. (1991). Data sources for Dyke-I are fi-om Srivastava et al. 
(1996); Dyke-II are fi^om Neogi et al.(1996) and Dyke-III are fi"om 
Asthana et al. (1996). The field for Bundelkhand mafic dyke is after 
Mondal and Ahmad (2001). 
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SUMMARY AND CONCLUSION 
SUMMARY AND CONCLUSION 
The Bastar craton consists of gneisses, granitoids, mafic dykes and supracrustals. 
Detailed geochemical and geochronological data are not available, where available, they 
are sketchy and not qualitative, as a result petrogenetic history of these rocks and their 
geodynamic setting has remained elusive. Detailed work including good quality 
geochemical data are warranted to understand the evolution of Bastar craton in particular 
and Central Indian Shield in general. 
Bastar craton, Central India comprises of gneisses, granitoids, mafic dykes and 
metamorphosed supracrustals as the major lithological units with minor amounts of 
unmetamorphosed sedimentary rocks contained within eight Proterozoic basins. 
The gneisses are the most voluminous and ubiquitous rock type of the craton, and 
form the basement for the other rock suites of the craton. In the field the gneisses show 
variation in terms of deformation, mafic contents, and texture making it difficult to map 
the individual gneissic units separately. Hence the entire have been taken as a single rock 
unit. However, Sarkar, G. et al. (1993) have reported one variety of gneiss from Basiar 
craton that apparently seems different from the gneisses of our study. These gneisses of 
Sarkar, G. et al. (1993) have a very restricted spatial distribution around Markampara in 
southern Bastar and occur mostly as enclaves within granitoids. In the present study we 
made an approach to correlate and compare both the above varieties of gneisses. We have 
termed the gneisses reported by Sarkar, G. et al. (1993) as Gneiss-I and the gneisses those 
are occurring as basement are termed as Gneiss-II. 
The granitoids are the second most voluminous rock suites of Bastar craton. 
These are intrusive into the gneisses with sharp contacts and are mostly undeformed. The 
existing radiometric data on the granitoids (2.5 Ga: zircon U-Pb data; Sarkar, G. et al., 
1993) indicate that theses are of Proterozoic age. We have undertaken the geochemical 
studies of the granitoids to see the variations in geochemical characteristics of felsic 
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magmatism during Proterozoic from those of Archaean felsic magmatism within the 
craton and to interpret these variations in terms of tectonic settings. 
Bastar craton comprises of two types of mafic dykes viz. amphibolite and dolerite 
of Proterozoic age. Both the types of dykes crosscut the gneisses and granitoids along 
northwest-southeast directions. We have undertaken the geochemicai studies of the mafic 
dykes to assess the source characteristics of the mafic magmatism during Proterozoic and 
to ascertain the tectonic settings for the mafic dykes. Hence we had ample chances to 
understand whether the granitoids and the mafic dykes share same geodynamic setting or 
not during Proterozoic. In addition, the amphibolite and dolerite dykes appear to be 
coeval and we wanted to understand whether these bear common features in terms of 
geochemistry, petrogenesis and tectonic settings. 
The granitoids of Bastar craton are monzogranite and granodiorite in nature. The 
granitoids are characterized by a primary major mineral assemblage of quartz, 
plagioclase, K-feldspar, hornblende and biotite and a minor mineral assemblage of augite, 
apatite, sphene and zircon. The gneisses are also granodiorite and monzogranite in nature 
with an affinity towards quartz-monzogranite and quartz-monzodiorite. The gneisses are 
characterized by a primary major mineralogy of quartz, plagioclase, microcline, 
orthoclase, biotite and hornblende and a minor mineralogy of apatite, zircon, sphene and 
opaques. 
The gneisses and granitoids of Bastar craton show negative variation trends for 
almost all the respective major and trace elements except for K2O, Rb, Th and U. The 
gneisses and granitoids also exhibit negative linear trend in the Rb/Sr vs. Sr diagram, 
negative anomalies of Ba, Sr, P, Ti and Nb in the spidergram and negative anomalies at 
Eu in the REE patterns These features indicate fractional crystallizafion of the respective 
parental melt for the gneisses and granitoids. It has been estimated that about 90% 
fractional crystallization of a mafic parental melt can yield silica-enriched rock. Felsic 
rocks of huge dimensions like those of the gneisses and granitoids of Bastar craton should 
have to be associated with even larger volumes of ultramafic and/or intermediate rocks. 
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had these rocks been products of fractional crystallization. The absence of such large 
bodies of ultramafic and/intermediate rock suites within Bastar craton it appears that 
fractional crystallization of a mafic parental melt alone was not the dominant petrogenetic 
mechanism. However fractional crystallization and crustal contamination together can 
produce a greater volume of calcalkaline and granodioritic magmas. Slight enrichment 
trends of the incompatible elements like Rb, Th and U in the spidergram for the Bastar 
gneisses and granitoids indicate some influence of assimilation fractional crystallization 
mechanism. Moreover such incompatible enrichments can also be produced due to 
addition from subduction zone components (Saunders et al., 1980) and possible sediment 
incorporation into the mantle. Mondal and Ahmad (2001) have suggested such a 
mechanism of source enrichment by sediment incorporation into the mantle via 
subduction for the mafic dykes from the adjacent Bundelkhand craton. 
The gneisses and granitoids of Bastar craton show I-type characteristics in 
terms of high field strength elements viz. Zr, Ce, Nb and Y. The plots of the gneisses and 
granitoids in the 1-type granite fields on Si02 vs. Zr, Ce, Nb and Y and Ga vs. AI2O3 
diagrams of Chappel and White (1974) and the plots of the gneisses and granitoids within 
the common fields of I, S, M-type granites on the Ga/Al vs. FeO'/MgO, K20/MgO 
(Na20+K20)/CaO, Na20+K20 and Ga/Al vs. Y, Zn, Zr and Nb diagrams of Whalen et al. 
(1987) also bears the evidence of being their I-type characteristics. However slightly 
higher values AI2O3 (around 15 wt.% for a few the gneiss and granitoid samples) and the 
peraluminous nature of most of the gneisses and granitoids indicate the possibility of 
contamination of a greater degree of crustal material. Although an early crystallization of 
hornblende can also account for the increase in alumina content of the melt and thereby 
can make the rocks peraluminous (Mc McCarthy and Grooves, 1979). 
The multi-elemental patterns for the gneisses and granitoids of Bastar craton show 
moderately fractionated trends with enriched LILE and slightly low abundances of HFSE 
along with negative anomalies of Ba, P, Nb and Ti. Such elemental patterns point 
towards a subduction zone magmatism for the protoliths of the gneisses and granitoids. 
The REE patterns of the Bastar gneisses are moderately fractionated with enriched LREE 
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and slightly depleted HREE along with concave upward curvature of HREE ends. The 
REE patterns of the granitoids show slightly flat trends in comparison to the gneisses due 
to due to relatively higher abundances of the HREEs. Such REE patterns represents 
volcanic arc magmatic characteristics and invoke subduction mechanism(s) for the 
petrogenesis of the gneisses and granitoids of Bastar craton. These petrogenetic 
interpretations on the gneisses and granitoids are also well in accordance with the 
tectonic discrimination plots of the rock suites. Almost all the gneisses and granitoids plot 
within the volcanic arc granite (VAG) field in the Rb vs. (Y+Nb) and Nb vs. Y diagrams 
of Pearce et al. (1984). In the Si02 vs. Rb and Zr diagram of Harris et al. (1986), Bastar 
gneisses and granitoids plot within the combine fields of volcanic arc granites (VAG) and 
post-coUisional granites. 
However it seem apparent that the subduction mechanisms might have varied 
from Archaean to Proterozoic. Archaean was characterized by a low angle subduction 
with a little or absence of mantle wedge above the subducting slab while the Proterozoic 
tectonic setup was characterized by a modem type subduction with the existence of a 
thick mantle wedge above the subducting slab. The average lower values of Mg # (29) 
and average lower level of abundances of a few trace elements (Ni, 12 ppm; Cr, 273 ppm; 
Ba, 690 ppm; Sr, 225 ppm) of the gneisses indicate that the melts from the subducting 
slab may have risen without encountering the mantle wedge and thus accords with our 
proposition of a low angle subduction for the gneisses in the Archaean. In contrast the 
proposition of a modern type subduction for the granitoids during Proterozoic is well 
supported by the average higher Mg # (33) and average higher level of abundance of 
some of the trace elements viz. (Ni, 19 ppm; Cr. 284 ppm; Sr, 280 ppm; Ba, 830 ppm and 
Zr 275 ppm) indicating severe melt-mantle interaction. 
On comparing the Gneiss-I with the Gneiss-II it is observed that both the gneisses 
share similar tectonic setting, partial melting condition, and magma type characteristics. 
Thus it can be assumed that Gneiss-1 also invoke subduction mechanism for their 
petrogenesis alike those of the Gneiss-II. The Gneiss-I was dated by Pb-Pb whole rock 
isochron techniques that yield an age for the gneisses as 3.0 Ga. This technique is 
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generally considered not so reliable for the Archaean rocks, whereas Gneiss-2 (3.5Ga) 
was dated following the zircon U-Pb techniques, which is considered more reliable for an 
Archaean terrain. During our field survey we have not found any field evidence such as 
cross cutting or intrusive relationship of one gneiss into the other to suggest that Gneiss-I 
and Gneiss-II as of two separate generations Thus in the absence of any compelling field 
evidence in favour of two distinct generations of gneisses we consider the Gneiss-I and 
Gneiss-II as cogenetic and comagmatic (Hussain et al., in press) 
The mafic dykes of Bastar craton (dolerite and amphibolite) are subalkaline-
quartz rich tholeiitic nature. The dolerite dykes are characterized by the presence of 
plagioclase and augite as major minerals and quartz, hornblende, biotite, K-feldspars, 
sphene, apatite, ilmanite and magnetite as accessory minerals. The amphibolites are 
composed of hornblende and plagioclase with little clinopyroxene. The common 
accessory minerals are quartz, biotite, apatite, sphene, ilmanite and magnetite. 
The amphibolite and dolerite dykes of Bastar craton are continental dykes that 
were emplaced in a rift related tectonic setting. The mantle sources for the dykes were 
probably enriched due to contamination of crustal material via subduction. Such 
assumptions have already been made for the adjoining Bundelkhand mafic dykes by 
Mondal and Ahmad (2001). The amphibolite dykes exhibit relatively higher level of 
enrichment of some of the trace elements than that for the dolerite dykes indicating a 
deeper level of mantle source. 
In the spidergram, both the mafic dykes exhibit LILE enriched trends along with 
negative anomalies for Nb, P and Ti. However, the dolerite dykes have slightly higher 
level of enrichment of the LILE than those of amphibolite dykes indicating a higher 
degrees of partial melting of a mantle source at a shallower depth or a smaller degrees of 
partial melting of a highly enriched mantle source at a greater depth. We have worked out 
the depth constraint of the mantle sources following the diagram of Hirose and Kusiro 
(1993) as used by Huang et al. (2000) for the Northland-Auckland basaltic volcanics. It is 
observed that the amphibolite dykes correspond to a mantle source at a depth of about 
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100-130 km as compared to dolerite dykes those corresponds to a mantle source at a 
depth of about 50 km. In the REE patterns the dolerite dykes exhibit relatively higher 
level of abundances of the REE than those of the amphibolite indicating different mantle 
sources and/or different degrees of mehing for the generation of the melts of the 
amphibolite and dolerite dykes and/or a combination of both. The proposition that the 
melts for the dykes were derived from different mantle sources is in accordance with our 
assessment on the depths of the mantle sources in the major elements vs. Mg # diagram 
of Hirose and Kushiro (1993). This interpretation is fiirther supported by Ti/Y and Ti/Zr 
values for the mafic dykes. The low Ti/Y and Ti/Zr values for the dolerites and their 
plotting around low Ti CFB field of Hergt et al. (1991) and their simultaneous plotting 
within the continental dyke fields outlined for the adjacent Bundelkhand craton by 
Mondal and Ahmad (2001) indicating introduction of sediment into the mantle through 
subduction. However the high Ti/Zr and Ti/Y values of the amphibolite dykes and their 
plot around N-MORB and PM values implies deeper levels of mantle sources. 
Thus it is proposed that the gneisses occurring as enclaves and as outcrops are 
same and their protoliths were produced by subduction related magmatism; the angle of 
subduction was probably low in the Archaean. These gneisses were intruded by a suite of 
granitic rocks (-2.5 Ga). The granitoids were also formed by subduction. The craton 
stabilized after the emplacement of the granitic rocks. Mafic dykes were emplaced during 
2.7 Ga, 1.8 Ga, 1.5 Ga, 1.2 Ga and 1.0 Ga (Rb-Sr and Pb - Pb whole rock isochron age). 
The melts for both the dykes were derived from different mantle sources, which were 
enriched by sediment subduction. The melts for the amphibolite dykes were derived from 
100-130 km deep mantle source while the melts for the dolerite dykes were derived from 
~50 km deep mantle source. 
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APPENDICES 
APPENDIX - 1 
Representative whole rock major and trace element analyses of Gneisses, Granitoids and 
Mafic dykes of Bastar craton 
Gneisses 
Sample No. RB13* RB14 RB15* DK28 DK29* GD36 GD38 GD39 
SiOj 
TiOj 
A 1,0^ , 
FejO:," 
MnO 
MgO 
CaO 
Na,0 
K26 
P.Os 
LOl 
Total 
Trace ( 
Cu 
Ni 
Co 
Sc 
Zn 
Ga 
Pb 
Cr 
Til 
Rb 
U 
Sr 
Y 
Zr 
Nb 
Ba 
V 
La 
Ce 
Pr 
Nd 
Sm 
Eu 
Gd 
Tb 
Dy 
Ho 
Er 
Tin 
Yb 
Lu 
74.6 
0.15 
13.2 
1.72 
0.02 
0.3 
1.38 
3.39 
4.3 
0.03 
0.02 
99.09 
elements in ppm 
1 
11 
51 
2 
29 
14 
27 
13 
8 
109 
2 
225 
13 
179 
9 
1122 
7 
12.5 
27.5 
3.55 
11.27 
2.58 
1.08 
1.82 
0.34 
1.82 
0.33 
1.04 
0.17 
1.14 
0.2 
71.1 
0.19 
14.5 
!.98 
0.03 
0.4 
2.14 
4.13 
3.19 
0.06 
2.15 
99.79 
17 
9 
Nd 
4 
30 
17 
36 
292 
4 
98 
3 
435 
9 
148 
10 
1400 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
70.1 
0.27 
15.3 
3 
0.03 
0.7 
2.44 
4.62 
2.73 
0.08 
0.66 
99.87 
2 
8 
5 
4 
42 
18 
96 
288 
13 
88 
4 
367 
20 
351 
10 
946 
16 
28. 
58. 
7 
21. 
3.7 
1 
2.9 
0.5 
2.5 
0.4 
1.5 
0.2 
1.8 
0.3 
r 
36 
14 
Nd 
2 
23 
19 
43 
335 
19 
159 
6 
255 
24 
116 
11 
650 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
72.4 
0.14 
13.9 
1.84 
0.02 
0.4 
1.15 
4.14 
4.14 
0.02 
1.36 
70 
0.16 
14.5 
1 1 
0.03 
0.5 
1.75 
5.62 
1.3 
0.02 
2.36 
99.44 98.25 
2 
12 
44 
6 
45 
24 
28 
12 
19 
92 
13 
209 
31 
310 
27 
75 
6 
23.5 
51.5 
6.44 
19.89 
4.39 
0.35 
3.6 
0.72 
3.53 
0.65 
2.07 
0.35 
2.42 
0.41 
70.8 
0.19 
15.4 
2.34 
0.06 
0.6 
1.62 
4.67 
3.66 
0.06 
0.37 
99.76 
7 
17 
Nd 
5 
45 
20 
33 
378 
16 
235 
8 
153 
24 
119 
26 
469 
15 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
72.7 
0.2 
14 
2.32 
0.03 
0.5 
0.92 
3.32 
4.08 
0.08 
1.89 
99.89 
57 
17 
Nd 
3 
34 
20 
64 
331 
49 
151 
12 
71 
28 
121 
21 
447 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
73.1 
0.12 
13.9 
1.43 
0.03 
0.3 
1.26 
3.75 
4.29 
0.03 
1.32 
99.46 
20 
13 
Nd 
I 
28 
15 
34 
317 
26 
262 
9 
169 
14 
125 
15 
857 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Appendix 
Sample 
No. 
SiO, 
TiOj 
AI2O, 
FejO,' 
MnO 
MgO 
CaO 
Na^O 
K,6 
P,05 
LOI 
Total 
Cu 
Ni 
Co 
Sc 
Zn 
Ga 
Pb 
Cr 
Th 
Rb 
U 
Sr 
Y 
Zr 
Nb 
Ba 
V 
La 
Ce 
Pr 
Nd 
Sm 
Eu 
Gd 
Tb 
Dy 
Ho 
Er 
Tm 
Yb 
Lu 
-IContd.. 
GD42* 
70.2 
0.23 
14.5 
1.99 
0.02 
0.6 
2.1 
4.83 
2.02 
0.03 
2.37 
98.83 
1 
9 
34 
2 
47 
18 
28 
7 
46 
62 
2 
379 
14 
427 
10 
547 
8 
54.6 
107.5 
12.6 
37.8 
6.38 
0.8 
4.9 
0.69 
2.6 
0.36 
1.0 
0.12 
0.76 
0.12 
GK48 
71.88 
0.22 
14 
1.9 
0.02 
0.38 
1.8 
4.1 
3.3 
0.02 
1.02 
98.54 
32 
11 
Nd 
2 
31 
17 
27 
305 
42 
93 
4 . 
213 
6 
213 
7 
117 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
GK51 
71.6 
0.16 
14.5 
1.6 
0.03 
0.4 
1.37 
5.1 
2.93 
0.03 
2.13 
99.81 
17 
10 
Nd 
2 
34 
19 
19 
322 
5 
99 
3 
435 
7 
132 
9 
661 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
BP69 
69.6 
0.6 
12.7 
6.15 
0.12 
1 
0.9 
2.33 
4.86 
0.11 
1.32 
99.8 
30 
11 
Nd 
13 
73 
15 
35 
332 
30 
130 
3 
52 
61 
349 
28 
1215 
26 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
BS79 
72.0 
0.17 
14.2 
2.02 
0.02 
0.3 
0.89 
3.57 
5.65 
0.01 
0.65 
99.6 
7 
13 
Nd 
6 
16 
17 
55 
481 
129 
284 
17 
50 
44 
251 
34 
239 
9 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
BSP 
96 
70.7 
0.4 
15.4 
2.5 
0.02 
0.6 
1.7 
4.07 
4.13 
0.04 
0.31 
99.73 
7 
12 
Nd 
7 
42 
17 
83 
412 
121 
163 
134 
160 
16 
260 
18 
920 
24 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Av 
TTG 
69.8 
0.34 
15.6 
3.12 
0.05 
1.2 
3.19 
4.88 
1.76 
0.13 
Nd 
100 
Nd 
14 
Nd 
Nd 
Nd 
Nd 
Nd 
29 
7 
55 
2 
454 
8 
152 
7 
690 
Nd 
32 
56 
Nd 
21.4 
3.3 
0.92 
2.2 
0.31 
1.16 
Nd 
0.6 
Nd 
0.55 
0.12 
Av 
En 
Gn 
69.1 
0.41 
15.5 
3.38 
0.03 
0.6 
2.73 
4.27 
2.61 
0.12 
0.91 
99.7 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
76.7 
118 
11.6 
41.7 
7.5 
1.2 
7.7 
0.47 
2.01 
0.39 
0.94 
0.12 
0.66 
0.09 
55^ 
69.3 
0.4 
14.7 
2.9 
0.02 
0.5 
3.5 
4 
2.8 
0.1 
1.8 
57 
285 
9.2 
67 
104 
10 
35 
6.1 
1.2 
13.8 
0.4 
1.8 
0.34 
1 
0.1 
0.7 
O.i 
60^ 
68.7 
0.4 
15.8 
3.6 
0.03 
0.7 
2.5 
4.4 
2.8 
0.1 
0.7 
52 
260 
9.2 
85 
133 
13 
48 
8.6 
1.2 
4.8 
0.5 
2 
0.4 
0.9 
0.1 
0.6 
0.08 
63* 
69 
0.5 
15.6 
3.5 
0.03 
0.7 
0 n 
^ . 1 
4.4 
2.3 
0.1 
0.7 
53 
331 
9.6 
78 
117 
12 
42 
7.8 
1.2 
4.5 
0.5 
2.2 
0.5 
0.9 
0.1 
0.6 
0.08 
Total iron as FciO,, major elements in Wt.%, trace elements in ppm, Nd not determined, LOI loss on ignition. 
* Trace element concentrations were detemiined by ICP-MS at NGRI, Hyderabad; AvEnGn. Average of six 
gneisses occurring as enclave from, G. Sarkar et al., (1993); AvTTG, Average of 355 TTG from Manin, 
(1994), * Gneiss -I, (data sources are from Sarkar, G. et al., 1993) 
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Sample No. 
SiO, 
TiO, 
AbO, 
FejO,' 
MnO 
MgO 
CaO 
NajO 
K2O 
P2O5 
LOl 
Total 
Cu 
Ni 
Co 
Sc 
Zn 
Ga 
Pb 
Cr 
Th 
Rb 
U 
Sr 
Y 
Zr 
Nb 
Ba 
V 
La 
Ce 
Pr 
Nd 
Sm 
Eu 
Gd 
Tb 
Dy 
Ho 
Er 
Tm 
Yb 
Lu 
RBI 
71 
0.25 
14.1 
2.42 
0.05 
1.7 
3.73 
4.56 
0.03 
0.06 
1.39 
99.21 
13 
11 
Nd 
2 
28 
17 
25 
251 
22 
136 
4 
283 
12 
191 
10 
1495 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
RB9 
72.4 
0.17 
14 
1.82 
0.34 
1.5 
4.18 
4.01 
0.02 
0.05 
1.02 
99.5 
16 
10 
Nd 
1 
25 
19 
45 
295 
11 
124 
6 
269 
6 
158 
6 
1216 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
RBll* 
75.6 
0.08 
12.5 
1.58 
0.31 
0.7 
3.21 
5.43 
0.01 
0.01 
0.37 
99.75 
4 
15 
69 
18 
34 
17 
112 
93 
72 
348 
22 
47 
94 
497 
23 
79 
3 
47.8 
110 
13.8 
41.7 
8.54 
.206 
7.07 
1.59 
9.07 
1.8 
6.27 
1.09 
7.53 
1.22 
RB20* 
72.8 
0.23 
13 
2.48 
0.49 
3.6 
4.17 
1.95 
0.03 
0.07 
1.06 
99.77 
2 
10 
3 
5 
37 
16 
16 
350 
16 
44 
2 
410 
23 
313 
8 
732 
18 
52.5 
109.2 
13.3 
40.22 
6.19 
1.22 
4.48 
0.72 
3.21 
0.58 
1.86 
0.28 
1.9 
0.3 
DK21* 
65.6 
0.4 
12.5 
4.2 
1.4 
6 
3 
4 
0.14 
0.38 
1.53 
99.15 
11 
54 
57 
7 
83 
16 
25 
45 
16 
117 
3 
813 
35 
337 
33 
570 
Nd 
63.2 
171.9 
26.01 
88.13 
12.61 
2.2 
8.94 
1.28 
5.31 
0.89 
2.91 
0.42 
2.93 
0.48 
DK23 
73.5 
0.11 
13.4 
1.78 
0.38 
0.7 
3.67 
4.98 
0.03 
0.03 
1.32 
99.85 
17 
18 
Nd 
2 
23 
19 
38 
352 
60 
284 
13 
86 
30 
124 
23 
259 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
DK27 
71.4 
025 
13.8 
2.39 
0.52 
1.4 
3.52 
4.76 
0.03 
0.08 
1.09 
99.19 
13 
15 
Nd 
3 
31 
19 
38 
258 
42 
182 
8 
159 
15 
230 
19 
693 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
JT3I 
71.3 
0.36 
15.3 
2.55 
0.55 
0.8 
2.28 
3.38 
0.02 
0.01 
1.97 
98.5 
14 
44 
Nd 
4 
46 
20 
34 
600 
43 
183 
8 
239 
30 
383 
18 
1009 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
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Sample No. 
SiO, 
Ti02 
AI2O3 
Fe,OV 
MnO 
MgO 
CaO 
Na,0 
K26 
P.Os 
LOI 
Total 
Cu 
Ni 
Co 
Sc 
Zn 
Ga 
Pb 
Cr 
Th 
Rb 
U 
Sr 
Y 
Zr 
Nb 
Ba 
V 
La 
Ce 
Pr 
Nd 
Sm 
Eu 
Gd 
Tb 
Dy 
Ho 
Er 
Tin 
Yb 
GD45 
72.1 
0.11 
14.8 
1.56 
0.25 
1 
4.17 
5.12 
0.02 
0.03 
0.08 
99.27 
23 
9 
Nd 
2 
31 
21 
65 
280 
33 
187 
7 
176 
6 
146 
9 
842 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
BP57 
74.6 
0.36 
14.4 
1.86 
0.58 
0.8 
3.2 
3.41 
0.02 
0.07 
0.34 
99.59 
6 
21 
Nd 
5 
20 
16 
41 
378 
34 
116 
4 
127 
30 
141 
16 
469 
15 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
BS77 
66.7 
0.53 
16 
4.23 
1.1 
2.9 
3.9 
4.5 
0.05 
0.18 
0.07 
100.16 
11 
18 
Nd 
11 
40 
19 
17 
272 
8 
73 
2 
386 
27 
373 
18 
1881 
49 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
BS98 
68.7 
0.41 
15.6 
3.46 
0.98 
2.8 
4.24 
2.79 
0.04 
O.II 
0.53 
99.7 
8 
16 
Nd 
9 
47 
18 
21 
406 
9 
90 
1 
358 
15 
186 
9 
1119 
43 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
BSPlOl* 
70.6 
0.13 
15.9 
1.7 
0.22 
2.2 
3.8 
6.8 
0.02 
0.01 
0.03 
101.4 
2 
6 
2 
11 
26 
18 
59 
195 
86 
263 
8 
271 
64 
477 
18 
399 
23 
64 
144.6 
18 
53.78 
9.6 
0.55 
7.82 
1.56 
8.27 
1.56 
4.75 
0.76 
4.97 
Lu Nd Nd Nd Nd 0.75 
Total iron as Fe205, major elements in Wt.%, trace elements in ppm, Nd not determined, LOI loss on ignition. 
* Trace element concentrations were determined by ICP-MS at NGRI, Hyderabad. 
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Sample No. 
SiOj 
TiOj 
AhO, 
FejO,' 
MgO 
CaO 
Na,0 
K26 
MnO 
P2O5 
LOI 
Total 
Mg# 
Cu 
Ni 
Co 
Sc 
V 
Zn 
Ga 
Pb 
Cr 
Th 
Rb 
U 
Sr 
Ba 
Nb 
Zr 
Y 
La 
Ce 
Pr 
Nd 
Sm 
Hf 
Eu 
Gd 
Tb 
Dy 
Ho 
Er 
Tm 
Yb 
Lu 
RB12 
49.9 
1.23 
13.3 
14.93 
7.6 
10.72 
1.96 
0.31 
0.19 
0.12 
Nd 
100.25 
50 
178 
114 
Nd 
47 
329 
104 
17 
6 
340 
1 
13 
0.4 
153 
23 
4 
84 
24 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
GD32 
51.3 
0.37 
7.3 
16.17 
6.7 
10.78 
0.34 
1.78 
4.08 
0.14 
1.02 
99.94 
45 
38 
96 
34 
15 
Nd 
109 
15 
8 
435 
7 
49 
1 
17 
1004 
14 
102 
23 
9.5 
32.6 
3.8 
13.66 
3.28 
1.47 
1.07 
3.21 
0.52 
3.18 
0.56 
1.79 
0.28 
1.76 
0.28 
Amphi 
GD34 
49.3 
1.06 
11.9 
14.16 
7.5 
10.82 
2.23 
0.43 
0.2 
0.16 
1.93 
99.71 
46 
163 
115 
43 
42 
Nd 
98 
18 
1 
374 
2 
24 
0.3 
132 
51 
4 
59 
22 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
ibolite 
GD37 
51.2 
1.3 
12.6 
14.83 
5.6 
9.94 
2.14 
0.62 
0.2 
0.27 
1.26 
99.95 
42 
156 
61 
65 
35 
298 
101 
18 
6 
69 
2 
27 
1 
165 
231 
9 
53 
33 
5 
20.3 
2.81 
11.8 
3.29 
1.66 
1.12 
3.84 
0.73 
4.89 
0.88 
2.98 
0.47 
2.91 
0.46 
GD43 
49.9 
0.86 
12.6 
13.75 
7.5 
10.78 
1.7 
0.58 
0.19 
0.19 
1.98 
99.94 
52 
160 
133 
51 
43 
Nd 
97 
16 
2 
277 
1 
24 
0.3 
129 
96 
4 
72 
24 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
BP58 
49.2 
0.99 
12.7 
15.11 
8.3 
11.16 
1.97 
0.24 
0.19 
0.07 
Nd 
99.9 
52 
222 
124 
Nd 
48 
368 
93 
14 
3 
312 
1 
10 
0.4 
118 
17 
4 
6! 
21 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
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Dolerite 
Sample No. 
SiOj 
TiO, 
AI26, 
Fe,0, ' 
MgO 
CaO 
Na,0 
K,6 
MnO 
P,05 
LOI 
Total 
Mg# 
Cu 
Ni 
Co 
Sc 
V 
Zn 
Ga 
Pb 
Cr 
Th 
Rb 
U 
Sr 
Ba 
Nb 
Zr 
Y 
La 
Ce 
Pr 
Nd 
Sm 
Hf 
Eu 
Gd 
Tb 
Dy 
Ho 
Er 
Tin 
Yb 
Lii 
RB4 RB16 GD40 GK52 BP63 
56.6 
0.9 
14.7 
8.49 
5.2 
6.18 
3.49 
2.29 
0.11 
0.53 
1.17 
99.59 
55 
35 
45 
26 
16 
Nd 
82 
20 
1 
317 
15 
122 
0 
531 
1011 
17 
243 
28 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
50.6 
1.65 
11.8 
15.74 
6.1 
7.54 
1.46 
2.5 
0.32 
0.41 
1.38 
99.48 
44 
34 
82 
52 
38 
Nd 
185 
24 
11 
270 
3 
118 
3 
117 
153 
19 
160 
52 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
48 
2.49 
11.7 
17.14 
6.3 
8.48 
2.06 
1.13 
0.24 
0.44 
1.03 
99.08 
42 
246 
88 
68 
51 
256 
136 
18 
5 
135 
3 
32 
1 
127 
307 
16 
206 
49 
10.8 
41.6 
5.81 
23.99 
6.25 
4.83 
1.63 
6.98 
1.23 
7.78 
1.35 
4.4 
0.69 
4.21 
0.66 
49.6 
2.31 
13.4 
18.21 
4.9 
8.89 
2.06 
0.98 
0.23 
0.2 
100.73 
35 
275 
59 
58 
46 
348 
149 
20 
6 
143 
3 
47 
0 
183 
234 
15 
189 
46 
10.1 
38.5 
5.3 
21.91 
5.65 
4.42 
1.78 
6.4 
1.13 
7.1 
1.27 
4.11 
0.63 
3.87 
0.61 
51 
0.59 
9 
14.11 
14.6 
8.34 
1.4 
0.68 
0.19 
0.06 
99.98 
67 
89 
417 
Nd 
36 
203 
77 
10 
6 
1789 
1 
27 
1 
173 
131 
4 
86 
15 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Nd 
Total iron as FciO.-!, major elements in Wt.%, trace elements in ppm. Nd not determined, LOI loss on ignition. 
Mg#= iOO*Mg/(Mg+Fe-). 
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Bastar Mafic Dykes (Dyke -I): data sources are from Srivastava et al. (1996). 
Sample No. 9 10 36 66 61 63 316 25 301 295 
SiO, 
Ti02 
AI2O., 
FejOj' 
MnO 
MgO 
CaO 
NazO 
K2O 
P2O5 
LOI 
Total 
Cu 
Ni 
Co 
Sc 
V 
Zn 
Ga 
Pb 
Cr 
Th 
Rb 
U 
Sr 
Ba 
Nb 
Zr 
Y 
La 
Ce 
Pr 
Nd 
Sm 
Hf 
Eu 
Gd 
Tb 
Dy 
Ho 
Er 
Tm 
Yb 
Lu 
51.30 
1.08 
13.31 
14.11 
0.19 
6.11 
9.97 
3.11 
0.74 
0.15 
1.42 
80 
41 
333 
107 
33 
125 
217 
5 
80 
28 
8 
15 
9 
51.52 
1.00 
13.44 
14.03 
0.19 
6.75 
10.27 
2.25 
0.51 
0.13 
1.10 
87 
42 
312 
155 
20 
126 
240 
4 
73 
25 
7 
14 
9 
52.88 
1.27 
13.19 
15.04 
0.19 
5.56 
9.08 
2.49 
0.86 
0.16 
1.12 
60 
41 
360 
33 
45 
148 
317 
5 
97 
33 
7 
21 
10 
51.57 
1.58 
13.08 
16.41 
0.24 
5.09 
8.45 
2.92 
1.16 
0.17 
1.16 
66 
42 
456 
31 
72 
128 
315 
5 
98 
33 
2 
16 
10 
50.03 
2.33 
13.91 
17.15 
0.21 
2.55 
8.17 
3.19 
1.18 
0.58 
1.21 
17 
28 
194 
13 
53 
167 
399 
16 
218 
69 
27 
53 
50 
48.83 
2.59 
11.56 
19.60 
0.23 
4.57 
8.79 
2.59 
0.67 
0.35 
0.74 
55 
38 
390 
40 
27 
124 
219 
14 
209 
57 
15 
37 
27 
52.09 
1.23 
14.18 
14.73 
0.19 
5.26 
9.88 
1.58 
0.59 
0.17 
1.18 
81 
37 
336 
74 
29 
142 
189 
6 
99 
31 
14 
22 
13 
48.56 
2.59 
12.64 
18.75 
0.22 
5.71 
9.35 
2.28 
0.74 
0.23 
0.90 
66 
36 
423 
114 
42 
133 
103 
10 
148 
43 
11 
28 
19 
49.83 
2.38 
12.07 
17.89 
0.22 
4.71 
9.28 
2.41 
0.71 
0.30 
0.69 
50 
37 
368 
58 
44 
126 
207 
13 
172 
49 
19 
35 
24 
49.07 
2.02 
14.12 
16.41 
0.19 
4.38 
8.74 
2.92 
1.26 
0.21 
1.51 
62 
37 
495 
44 
55 
170 
413 
7 
116 
37 
5 
25 
15 
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Bastar Mafic Dykes: Dyke -II (data sources are from Neogi et al. 1996) and Dyke 
III ( Two samples 34** and 13**) (data sources are from Asthana et al. 1996). 
Sample No. 
SiO, 
T1O2 
AI2O-, 
FeO* 
MnO 
MgO 
CaO 
Na.O 
K2O 
P2O5 
LOI 
Total 
Cu 
Ni 
Co 
Sc 
V 
Zn 
Ga 
Pb 
Cr 
Th 
Rb 
U 
Sr 
Ba 
Nb 
Zr 
Y 
La 
Ce 
Pr 
Nd 
Sm 
Hf 
Eu 
Gd 
Tb 
Dy 
Ho 
Er 
Tm 
Yb 
Lu 
8 
51 5 
0 66 
63 
10 1 
0 17 
15 30 
10 07 
0 80 
0 36 
0 10 
4 13 
174 
543 
82 
33 
190 
82 
1750 
24 
5 
1 5 
63 
176 
5 
68 
17 
13 
23 
9 
26 
2 
0 75 
07 
1 4 
02 
10 
51 7 
0 54 
11 
94 
0 16 
10 65 
10 60 
1 8 
0 68 
0 08 
3 
73 
215 
48 
42 
210 
76 
1124 
2 1 
25 
1 
210 
158 
52 
15 
8 
17 
5 
2 
2 
0 70 
02 
1 2 
0 15 
13 
51 
1 
14 
11 6 
0 18 
6 84 
9 93 
2 08 
0 98 
0 13 
162 
150 
120 
50 
43 
300 
98 
240 
1 3 
25 
25 
132 
176 
4 
73 
26 
85 
17 
9 
28 
2 
0 90 
08 
26 
0 35 
14 
50 
09 
14 
11 6 
0 18 
7 05 
9 52 
2 64 
0 34 
0 11 
3 
151 
144 
54 
39 5 
286 
100 
111 
12 
7 
05 
139 
47 
4 
68 
25 
7 5 
16 
6 
24 
2 
0 90 
04 
24 
0 35 
15 
50 
08 
145 
11 2 
0 17 
6 70 
11 
2 55 
0 30 
0 10 
25 
135 
169 
52 
38 5 
270 
91 
226 
12 
10 
05 
214 
0 
4 
65 
24 
7 
15 
6 
23 
2 
0 70 
02 
23 
03 
110 
Appendix-I Contd.. 
D y k e -
Sample 
No. 
SiOj 
TiOj 
A 1,0, 
Feb* 
MnO 
MgO 
CaO 
NajO 
K2O 
P2O5 
LOI 
Cu 
Ni 
Co 
Sc 
V 
Zn 
Ga 
Pb 
Cr 
Th 
Rb 
U 
Sr 
Ba 
Nb 
Zr 
Y 
La 
Ce 
Pr 
Nd 
Sm 
Hf 
Ell 
Gd 
Tb 
Dy 
Ho 
Er 
Tm 
Yb 
Lu 
II and Dyke - III 
35 
50.41 
0.56 
14.35 
9.37 
0.15 
8.3 
9.86 
2.47 
0.87 
0.06 
3.28 
87 
143 
46 
45 
228 
75 
389 
1.2 
22 
0.5 
154 
183 
3 
46 
16 
6 
13 
3 
1.7 
2 
0.6 
0.2 
!.7 
0.2 
Ml 
53.09 
0.57 
13.22 
9.88 
0.15 
8.96 
6.53 
1.41 
1.92 
0.09 
2.94 
81 
184 
70 
30.5 
181 
79 
512 
6.2 
54 
2.5 
109 
410 
7 
86 
19 
18 
32 
11 
2.8 
2 
0.7 
0.5 
1.7 
0.25 
M2 
54.67 
0.68 
14.85 
9.68 
0.15 
6.26 
5.83 
2.53 
1.28 
0.09 
3.01 
83 
108 
48 
31 
203 
82 
182 
8 
55 
3 
130 
177 
9 
111 
23 
22 
41 
14 
3.4 
4 
0.8 
0.6 
2.1 
0.25 
MS 
51.77 
0.58 
13 
10.65 
0.17 
9.67 
6.62 
1.42 
1.28 
0.09 
4.18 
83 
190 
81 
30.5 
159 
83 
409 
6.1 
36 
2 
71 
283 
8 
85 
20 
17 
33 
11 
2.8 
2 
0.6 
0.8 
1.8 
0.25 
M6 
56.79 
0.74 
10.59 
10.53 
0.16 
8.84 
6.74 
1.36 
2.02 
0.1 
1.84 
100 
214 
73 
27 
192 
83 
751 
10.7 
69 
5 
112 
260 
9 
106 
22 
24 
45 
15 
4 
2 
1 
0.6 
1.9 
0.25 
34** 
50.75 
0.53 
13.5 
14.17 
0.19 
11.97 
7.08 
1.01 
0.69 
0.1 
1.52 
26 
841 
6.9 
35 
2.7 
130 
352 
1.7 
94 
21 
32 
4 
15 
3 
2.5 
0.8 
3 
2.9 
2 
1.6 
0.2 
13** 
49.5 
0.93 
14.65 
15.17 
0.23 
8.36 
8.5 
2.57 
0.52 
0.1 
7.1 
41 
345 
1.4 
17 
0.4 
232 
225 
-
57 
26 
16 
2.2 
9 
2.6 
1.8 
0.9 
3 
3.6 
2.3 
2.4 
0.4 
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Appendix-1 Contd... 
Bundelkhand Mafic Dykes: data sources are from Mondal and Ahmad (2001) 
Sample No. CP62A CP55 CP7 CPI28 CP22 CP47 CP18 CP113 CP28 CP3f) 
Si02 
Ti02 
AI2O3 
FcjOj (T) 
MnO 
MgO 
CaO 
NajO 
K2O 
P2O5 
LOI 
Total 
Mg# 
Cu 
Ni 
Co 
Sc 
V 
Zn 
Ga 
Pb 
Cr 
Th 
Rb 
U 
Sr 
Ba 
Nb 
Zr 
Y 
La 
Ce 
Pr 
Nd 
Sm 
Hf 
Eu 
Gd 
Tb 
Dy 
Ho 
Er 
1m 
Yb 
Lii 
51.04 
1.27 
12.8 
14.18 
0.19 
6.43 
9.74 
2.1 
1.49 
0.09 
0.64 
99.97 
51 
160 
108 
37 
45 
347 
94 
20 
b.l. 
149 
7 
67 
1 
135 
370 
7 
158 
29 
12 
17.4 
12.6 
3.3 
1.2 
4 
4.8 
2.4 
2.4 
0.3 
59.61 
0.81 
14.49 
8.61 
0.12 
6.38 
6.09 
3.43 
1.85 
0.32 
0.26 
101.9 
63 
29 
83 
25 
20 
234 
80 
18 
7 
329 
10 
104 
4 
701 
1039 
10 
330 
33 
60.2 
106.6 
45.7 
7.7 
1.9 
5.7 
4 
1.7 
1.5 
0.2 
48.32 
1 
11.53 
13.51 
0.16 
9.87 
8.59 
2.66 
1.67 
0.1 
2.71 
100.1 
63 
132 
468 
38 
27 
402 
114 
18 
b.l. 
932 
5 
64 
2 
218 
217 
9 
149 
28 
22.6 
35.5 
18.9 
3.9 
1.2 
4.3 
4.2 
1.9 
1.7 
0.3 
53.07 
0.75 
13.89 
11.35 
0.18 
6.32 
8.87 
1.69 
1.76 
0.07 
1.78 
99.73 
56 
176 
102 
26 
46 
297 
85 
19 
2 
103 
7 
109 
3 
153 
546 
6 
166 
35 
21 
28.7 
14.3 
3.1 
0.8 
3.2 
3.4 
1.8 
1.9 
0.3 
51.5 
0.93 
13.24 
11.63 
0.17 
7.78 
11.53 
1.89 
0.48 
0.05 
0.79 
99.99 
61 
117 
187 
36 
46 
337 
79 
18 
b.l. 
555 
8 
43 
b.l. 
120 
118 
6 
83 
20 
12.1 
13.3 
9.5 
2.5 
0.9 
3 
3.3 
1.8 
1.8 
0.3 
50.9 
0.91 
13.2 
11.3 
0.17 
8.09 
11.5 
1.97 
0.67 
0.06 
0.98 
99.9 
62 
106 
232 
33 
43 
356 
96 
18 
b.l. 
557 
6 
59 
1 
134 
253 
8 
95 
19 
12.4 
12.9 
9.6 
2.7 
0.9 
2.9 
3.3 
1.7 
1.7 
0.3 
60.33 
1.09 
16.1 
7.16 
0.15 
4.26 
5.12 
4.18 
2.03 
0.61 
0.32 
101.3 
58 
b.l. 
45 
19 
11 
178 
136 
18 
10 
97 
4 
254 
9 
529 
1573 
15 
492 
58 
98.9 
175.5 
73.8 
11.5 
3 
7.5 
4.4 
1.6 
1.3 
0.2 
59.9 
0.46 
12.12 
11.34 
0.1 
8.64 
1.19 
3.51 
0.79 
0 
2.79 
100.84 
64 
b.l. 
58 
16 
16 
357 
240 
23 
25 
208 
b.l. 
59 
2 
11 
66 
11 
225 
27 
14.9 
26.8 
12.8 
2.9 
0.7 
3.2 
2.5 
2. 
2.9 
0.4 
54.1 
0.74 
13.8 
11.4 
0.16 
6.74 
9.23 
2.14 
1.39 
0.07 
0.72 
100. 
58 
109 
Nil! 
28 
43 
300 
78 
19 
4 
93 
8 
1 
4 
293 
377 
6 
193 
34 
21.2 
30.6 
14.4 
3.1 
0.8 
3 
3.4 
1.7 
1.8 
0.3 
52.3 
1.23 
12.5 
14.2 
0.17 
6.47 
9.8 
2.48 
1.61 
0.08 
0.8 
101. 
51 
163 
117 
37 
31 
318 
127 
20 
0.5 
401 
4 
59 
1 
251 
246 
7 
201 
24 
24.6 
30.6 
20 
3.1 
1.3 
3 
3.4 
1.8 
1.8 
0.3 
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